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ABSTRACT 
 
 
Southeastern Minnesota is characterized by Karst geology and trout streams. These 
groundwater-fed streams remain cool in summer and ice-free in winter, providing ideal 
habitat for trout and cold-adapted insects. Previous studies of winter-active insects have 
been localized or laboratory-based; however, the broader winter invertebrate community 
and its relationships to groundwater input are not well established. The goals of this 
research were to (1) assess the emergence patterns of winter-active chironomids 
(Diptera); (2) evaluate the effect of groundwater on the voltinism of the chironomid 
species Diamesa mendotae Muttkowski; (3) assess overall winter invertebrate community 
composition and abundance; and (4) describe the winter benthic chironomid community. 
Invertebrates were collected from 36 groundwater-fed streams over three winters (2010-
2013). Surface-floating pupal exuviae (SFPE) collections were used to study the 
emergence patterns of cold-adapted chironomids, and Hess samples were used to evaluate 
winter benthic invertebrate composition and abundance. A total of 14 chironomid genera 
emerged from December through February; an additional 16 genera emerged in March. 
D. mendotae was the most commonly encountered and abundant winter-emerging 
chironomid, and emerged throughout the winter. Analysis of stream thermal regime 
indicated that D. mendotae complete multiple generations in a single winter in most 
streams. Benthic invertebrate communities were dominated by few taxa, with three 
chironomid genera (Diamesa, Orthocladius (Orthocladius), and Pagastia), two mayfly 
genera (Baetis and Ephemerella) and one caddisfly genus (Hydropsyche) comprising over 
60% of individuals collected. Overall abundance was highest in thermally stable streams. 
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Chironomids were abundant and diverse, with the winter-active species Diamesa 
mendotae dominating the community. We conclude that groundwater-fed streams (sensu 
Krider et al. 2013) in southeastern Minnesota support large, winter-active invertebrate 
communities, which are ecologically important to brown trout.  
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INTRODUCTION 
 
 
The Driftless Area Ecoregion covers over 62,000 square kilometers of karstic landscape, 
including parts of Minnesota, Wisconsin, Illinois, and Iowa (Omernik & Gallant 1988; 
Trout Unlimited 2012). The area escaped the most recent glaciation events, and is 
characterized by hilly bluffs and near-surface Karst geology, with groundwater flowing 
though the easily-dissolved carbonate-sandstone landscape (Williams & Vondracek 
2010). As a consequence, lakes are uncommon; however, features such as springs, 
sinkholes, and caves are prevalent. There are over 6,000 kilometers of coldwater streams 
in the region, many with abundant trout populations (Trout Unlimited 2012).  
  
Southeastern Minnesota is an economically and ecologically valuable part of the larger 
Mississippi River basin. Significant land use changes have influenced the landscape in 
southeastern Minnesota. Following European settlement, timber lands were converted to 
hay and pasture; today, much of the land is row-cropped for corn and soybeans (Trout 
Unlimited 2012). The combination of intense agricultural practices on and near steep 
hillslopes resulted in significant erosional activity across the region (Trout Unlimited 
2012). Trout Unlimited established the Driftless Area Restoration Effort (DARE) in 2006 
to counteract the legacy of these practices. DARE undertakes restoration efforts, such as 
trout habitat improvements, in 19-29 kilometers of stream each year; restoration measures 
have been established in over 60 stream reaches (Trout Unlimited 2012). Over $10 
million in funding has been used in these efforts, testifying to the ecological and regional 
importance of these streams. In fact, recreational trout fisheries provide over $150 million 
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of annual economic benefit to the state of Minnesota; the total benefits across the 
Driftless Area exceed $640 million annually (Trout Unlimited 2012). 
 
Groundwater inputs, which are thermally buffered from air temperature fluctuations, 
moderate the diurnal and seasonal water temperature fluctuations that are characteristic of 
surface-water dominated streams (Blann et al. 2002; Bouchard 2007a; Luhmann et al. 
2011; Pilgrim et al. 1998). Krider et al. (2013) and O’Driscoll & DeWalle (2004) show 
that air-water temperature regressions can be used to model the influence of groundwater 
on stream thermal regime. The slope of a linear regression of mean weekly air and water 
temperatures can be used as a surrogate for the volume of groundwater entering a stream 
reach. Regressions developed for groundwater-dominated steams have lower slopes and 
higher intercepts than those for surface water-dominated streams. Groundwater-fed 
southeastern Minnesota streams are thermally stable, remaining cool in summer and ice-
free in winter, and provide ideal habitat for brown trout and cold-adapted invertebrates 
(French et al. 2014; Bouchard & Ferrington 2009).  
 
Diamesa mendotae Muttkowski (Diptera: Chironomidae) in a winter-active chironomid 
species which only grows, develops, and emerges during winter (Bouchard & Ferrington 
2009). In southeastern Minnesota streams, groundwater inputs allow D. mendotae to 
complete their life cycle in as little as 60 days (Bouchard & Ferrington 2009). Multiple 
bursts of asynchronous emergence in winter have been observed in these streams, 
indicating that the species is multi-voltine and completes multiple life cycles in a single 
winter (Ferrington et al. 2010; Ferrington & Masteller 2016). Adults can be observed 
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flying, walking on the snow, mating, and ovipositing under subfreezing air temperatures. 
As a consequence, annual invertebrate production, and specifically available winter 
biomass, may be higher than otherwise estimated. In turn, these dynamics play an 
important role in the winter diet and growth of trout populations. Brown trout feed on 
aquatic invertebrates, especially in the winter, and opportunistically feed on large 
emergence events (Anderson et al. 2016; Cochran-Biederman & Vondracek 2015a; 
French et al. 2016). 
 
The following four chapters of this dissertation address the influence of groundwater 
inputs and temperature on winter invertebrate dynamics in southeastern Minnesota 
streams. Individual chapters will be submitted for publication in peer-reviewed journals. 
 
Chapter I addresses the hibernal emergence patterns of cold-adapted chironomids in 
groundwater-fed streams as they relate to air and water temperature. Additionally, this 
chapter considers thermal and temporal partitioning among chironomid taxa.  
 
Chapter II examines the implications of water temperature, thermal regimes, degree days, 
and emergence among 36 groundwater-fed streams. The cold-stenotherm species D. 
mendotae is used to develop alternative predictive models of multi-voltinism.  
 
Chapter III examines the role of the non-emerging invertebrate community that composes 
the majority of biomass in these streams. This chapter identifies the dominant taxa in 
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these coldwater systems, and considers the impacts of groundwater input on community 
dynamics. 
 
Chapter IV describes the benthic chironomid community found in groundwater-
dominated streams in southeastern Minnesota. 
 
The implications of this research extend to future considerations of climate changes, 
which are expected to significantly impact the Driftless Ecoregion. Predicted climate 
change scenarios estimate that air temperature in the midwestern United States will rise 
between 1 and 8°C by the year 2050, and local temperature increases have already been 
observed (Baker & Baker 2002).  Lyons et al. (2010) predict that corresponding water 
temperature increases will significantly impact fish populations, especially in coldwater 
streams. Thus, other cold-adapted species, such as D. mendotae, may be vulnerable to 
rising air and water temperatures. As such, a better understanding of invertebrate 
dynamics in groundwater-fed streams is essential to comprehensive management of 
valuable trout populations.
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CHAPTER 1 
 
HIBERNAL EMERGENCE OF CHIRONOMIDAE (INSECTA: DIPTERA) IN 
RELATION TO TEMPERATURE IN TROUT STREAMS OF SOUTHEASTERN 
MINNESOTA 
 
 
Introduction 
Water temperatures, along with their diel and seasonal patterns, vary across the globe, 
exposing aquatic insects to a wide variety of thermal regimes. Temperature significantly 
impacts both the growth and development of aquatic insects, affecting them at organism, 
population, and community scales (Ward & Stanford 1982). The chironomid family 
(Insecta: Diptera) in particular is diverse, with species found over a range of temperatures 
and habitats (Bouchard & Ferrington 2008; Ferrington 2008). At the subfamily level, 
distinctive patterns of thermal preference are known, with species of the subfamily 
Diamesinae exhibiting preference for colder water (Bouchard & Ferrington 2008). 
Species of Diamesinae can predominate in some of the coldest thermal regimes, such as 
glacial melt streams and arctic and alpine lakes (Lencioni 2004; Willassen & Cranston 
1986). 
 
Within Diamesinae, many species in the genus Diamesa are cold-stenothermic, requiring 
low temperatures to grow, develop, and emerge (Ferrington 2000; Kohshima 1984; 
Oliver & Dillon 1997; Willassen & Cranston 1986). Larvae of the species D. mendotae 
are known to be freeze-tolerant, with a LLT99 of -25.4°C (Bouchard et al. 2006a). In 
contrast, adults of the same species exhibit freeze-intolerance; however, their reduced 
supercooling point of -21.6°C allows for survival in harsh winter conditions (Bouchard et 
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al. 2006b). Such adaptations to low temperatures allow this species and others in the 
same genus (e.g. D. cheimatophila and D. incallida) to be highly productive and multi-
voltine in at least some streams, indicating that they play an important ecological role in 
their environments (Ferrington et al. 2010; Ferrington & Masteller 2016; Nolte & 
Hoffman 1992). 
 
Although the growth and development of insect species often relies on exceeding a 
minimum temperature threshold, cold stenotherms also require temperatures below a 
thermal maximum (Ward & Stanford 1982). By remaining cool in summer and ice-free in 
winter, groundwater-fed streams provide ideal thermal regimes for these cold-adapted 
species. These streams remain within the optimal temperature range of cold stenotherms 
for long periods, often allowing for the completion of multiple generations during a 
single winter (Bouchard & Ferrington 2009). 
 
Southeastern Minnesota, a part of the larger Driftless Area Ecoregion, is characterized by 
Karst geology (Omernik & Gallant 1988). Groundwater flows through a carbonate-
sandstone landscape, and features such as springs, sinkholes, and caves are common to 
the area (Petersen & Vondracek 2006; Williams & Vondracek 2010). In general, 
groundwater is thermally buffered from seasonal and diel temperature fluctuations 
(Luhmann et al. 2011); consequently, groundwater-fed streams tend to be thermally 
stable in comparison to surface water-fed streams (Bouchard 2007a; Pilgrim et al. 1998). 
Year-round chironomid emergence data from a single stream in southeastern Minnesota 
identified 54 emerging genera, with varying thermal preferences (Bouchard & Ferrington 
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2008). The genus Diamesa had the lowest mean emergence temperature (5.32°C) among 
these genera, and Orthocladiinae were also prevalent at lower temperatures. In contrast, 
Chironominae and Tanypodinae genera were more common at higher temperatures 
(Bouchard & Ferrington 2008).  
 
A study of hibernal emergence in Kansas streams also found that Diamesa emerged at the 
lowest mean water temperature (Ferrington 2000). However, Orthocladiinae, rather than 
Diamesinae, was the most species-rich and commonly encountered sub-family. Ambient 
air temperatures were not significantly related to emergence richness, indicating that 
stream-to-stream variation within an ecoregion plays an important role in emergence 
patterns. Taxa richness was significantly related to ambient water temperature; substrate 
composition and stream size were also significant factors for emergence patterns 
(Anderson et al. 2011; Ferrington 2000; Ferrington 2007). 
 
The goal of this study was to determine whether similar emergence-temperature 
relationships are present across a range of groundwater-fed streams during winter in 
southeastern Minnesota. We hypothesized that emergence at low temperatures would be 
limited to few cold-stenothermic chironomid species, primarily Diamesa, and taxa 
richness would be greater at higher temperatures. We also expected that taxa richness 
would be more closely related to water temperature, which more directly influences 
growth and varies from stream to stream, than air temperature, which operates on a more 
coarse scale. If water temperatures drive hibernal emergence patterns, we expected that 
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climate changes resulting in warmer or more variable thermal regimes could significantly 
influence the life cycles and emergence of cold-adapted chironomids. 
 
Materials and Methods 
Study sites and field methods 
We assessed 36 groundwater-fed stream reaches. The selected sites were located on 
small, wadeable stream reaches (150 meters long) in southeastern Minnesota (Fillmore, 
Goodhue, Houston, Wabasha, and Winona counties) (Figure 1-1). Selected sites were 
known to have brown trout populations. Samples were collected in November through 
April, beginning in November 2010 and ending in March 2013. Twelve sample sites were 
visited each winter, with each site visited on three occasions. A total of 108 samples were 
collected:  November (4), December (22), January (28), February (21), March (28), and 
April (5) (Table 1-1). 
 
Hibernal emergence of Chironomidae was measured with collections of surface-floating 
pupal exuviae (SFPE), using standard protocols (Ferrington et al. 1991; Kranzfelder et al. 
2015). Samples were collected using a timed, 10-minute sampling approach. Working 
upstream, SFPE were scooped from snags and eddies on the water surface where they 
collected, and poured into a 125-µm sieve. Samples were preserved in 70% ethyl alcohol 
in the field and returned to the laboratory for sorting and identification. All pupal exuviae 
were picked from the samples and identified to genus; partial pupae and adults were not 
counted, although adults were used to confirm identifications. Because SFPE samples are 
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collected from the surface of the water, they are considered to provide a representative 
sample of emergence from all habitats within the sample reach (Kranzfelder et al. 2015). 
 
Air and water temperature data 
Air temperature data were obtained from nearby NOAA weather stations, as described in 
Krider et al. (2013). Daily maximum and minimum air temperatures were separately 
averaged over the seven days preceding each sample event; the mean of these two values 
was used for subsequent analyses. 
 
Water temperature data were collected from each sample reach using HOBO® 
temperature loggers. Temperature data were recorded at 15-minute intervals to obtain 
daily minimum, maximum, and mean temperatures. In-stream water temperature data 
were only available for 19 of 36 sites; the remaining loggers were lost due to adverse 
weather and flooding. Weekly water temperatures were estimated using air-water 
temperature regressions (as developed by Krider et al. 2013) for 7 sites without logger 
data, for a total of 26 sites with either actual or estimated water temperatures. 10 sites 
without available water temperature data were excluded from water temperature analyses, 
but included in all other analyses. 
 
Air and water temperature data for the week preceding SFPE sample collection were used 
to analyze the relationships between recent thermal conditions and chironomid 
emergence patterns. SFPE provide a record of emergence for several days prior to 
collection. Weekly temperatures are considered to be more ecologically meaningful than 
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temperature based solely on the day of sample collection because temperature likely 
influences the timing of pupation and/or emergence. Exuviae remain on the surface of the 
water for at least 2-3 days (and potentially longer under cold winter conditions) until they 
are broken down (Ferrington et al. 1991; Kranzfelder et al. 2015).  
 
Statistical analyses 
All statistical analyses were calculated using the program R (version 3.3.0). Mixed 
effects models (package nlme) were used to compare air and water temperatures, 
abundance, and taxa richness among months and years, with site included as a random 
effect; when significant differences were present, Tukey tests (packages lsmeans and 
multcompView) were used to identify differences among means. In all analyses, 
abundance data were normalized using a square root transformation, after adding a 
constant (0.5) to each data point (McDonald 2014).  
 
Jaccard’s Coefficient of Similarity (JCS) was used to compare taxa presence among 
months, using the following formula (Jaccard 1912): 
𝐽𝐶𝑆 =
𝐴
(𝐴 + 𝐵 + 𝐶)
 
Where; A represents the number of taxa present in both samples being compared; B and 
C, respectively, represent the number of taxa present in either the first or second sample, 
but not both. Samples collected in December, January, and February are considered 
“winter” samples for the purpose of month-based analyses; March samples are 
considered “transitional” or “early-spring” samples. November and April samples were 
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not included in month-based analyses because of the low number of samples (4 and 5, 
respectively). 
Results 
Air and water temperature 
Ambient air temperature data were available for all 108 samples. Mean weekly water 
temperatures for the week preceding sample collection were available for 77 samples 
(Table 1-2). Of the available data points, 42 were calculated from HOBO® temperature 
loggers, and the remaining 35 were estimated from air-water temperature regressions 
developed by Krider et al. (2013). 
 
Across all samples, mean air temperature for the week preceding sample collection was -
5.64 ºC, and ranged from -15.47 to 8.96 ºC (Figure 1-2). Air temperatures varied among 
months, and were significantly higher in December and March than in January or 
February (F3,60=40.72, p<0.001; Figure 1-3). Although air temperatures varied 
significantly among years (F2,33=8.69, p<0.001), mean air temperature was significantly 
higher in December and March than January and February within each year (F3,60=41.02, 
p<0.001; Figure 1-4).  
 
Water temperatures for the week preceding sample collection ranged from 0.1 to 8.9 ºC, 
with a mean of 4.7 ºC (Figure 1-2). Similar to air temperatures, mean weekly water 
temperatures were significantly higher in March than January or February, and December 
temperatures were significantly higher than January temperatures (F3,39=13.91, p=<0.001, 
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Figure 1-5). In contrast to air temperature, monthly water temperatures did not differ 
significantly among years (F2,23=2.57, p=0.099; Figure 1-6). 
 
Winter emergence (December through February) 
A total of 14 chironomid genera from 4 subfamilies emerged from December through 
February across all samples. Orthocladiinae were the most taxonomically diverse (10 
genera); Chironominae was represented by two genera and Diamesinae and 
Prodiamesinae were each represented by a single genus (Table 1-3). Mean taxa richness 
was 2.2 genera per sample. 
 
Emergence was detected in 63 of 71 samples (88.7%); SFPE were collected at all 36 sites 
(Table 1-4). Diamesa sp. (Diamesinae) was the most abundant and commonly 
encountered genus, occurring in 80.3% of samples. Five additional taxa were found in a 
substantial percentage of samples: Orthocladius (Orthocladius) spp. (31%), 
Chaetocladius spp. (26.8%), Odontomesa spp. (21.1%), Micropsectra spp. (16.9%), and 
Tvetenia spp. (15.5%). Eight taxa were each found in less than 10% of samples, five of 
which were only collected on a single occasion (Table 1-3).  
 
Mean SFPE abundance across all winter samples was 36.8 individuals per sample. In 
addition to being found in the highest percentage of samples, Diamesa sp. had the highest 
mean abundance when present (35.5) of all taxa (Table 1-3). Only three other genera had 
a mean abundance greater than 8 individuals per sample: Orthocladius (Orthocladius) 
(10.3), Chaetocladius (9.9), and Orthocladius (Euorthocladius) (8.4). Five genera 
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collected on only a single collection were each represented by a single specimen (Table 
1-3). 
 
Transitional-early spring emergence (March) 
A total of 26 genera were present in the 28 samples collected in March. The subfamily 
Orthocladiinae was the most taxonomically diverse (16 genera). Additionally, 
Chironominae (6 genera), Diamesinae (2 genera), and Prodiamesinae (2 genera) were 
present (Table 1-3). Mean taxa richness was 6.1 genera per sample. 
 
Orthocladius (Orthocladius) was most commonly collected in March, and found in 75% 
of samples collected. Diamesa (60.7%), Odontomesa (53.8%), Micropsectra (53.6%), 
Tvetenia (46.4%), Cricotopus (42.8%), and Eukiefferiella (39.3%) were also present in 
over one-third of samples. Five genera each were found in only one or two samples 
(Table 1-3). Overall in March, emergence was detected in 82% (23 of 28) of samples 
(Table 1-4).  
 
Mean March emergence abundance was 171.9 SFPE per sample.  Eleven genera, when 
present, had mean emergence abundances greater than 10 individuals per sample; the 
three most abundant were Thienemaniella (317.6), Corynoneura (192), and Cricotopus 
(50.7) (Table 1-3). 
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Seasonal and monthly emergence patterns 
A total of 28 genera were found emerging across 99 samples (December through March) 
(Table 1-3). 14 genera were collected across all winter samples (December through 
February), whereas 26 genera were collected in transitional-early spring samples 
(March). Cumulative monthly taxa richness in winter months ranged from 7 (December) 
to 12 (January) taxa. Nanocladius and an undetermined genus of Chironominae were the 
only genera not collected in March. The 14 taxa emerging only in March included 7 
genera of Orthocladiinae, as well as additional genera of Chironominae (5), Diamesinae 
(1), and Prodiamesinae (1). The mean Jaccard’s Coefficient of Similarity (JCS) among 
winter months was 0.62, and was significantly higher than the mean JCS (0.35) between 
winter and spring months (F1,4=31.38, p=0.005). 
 
The mean number of taxa per sample ranged from 1.4 (December) to 6.1 (March), with a 
mean of 3.5 taxa per sample. Taxa richness was significantly higher in March than any of 
the winter months (Figure 1-7; F3,60=16.21, p<0.001). Within each month, taxa richness 
was significantly different across sample years (F2,33=6.72, p=0.004). Taxa richness was 
significantly higher in Year 2 than Year 3, with intermediate values for Year 1. 
 
Across both winter and transitional months, emergence occurred in 86 of 99 samples 
(86.8%, Table 1-4). Diamesa sp. (Diamesinae) was the most common genus, emerging 
74.7% of the time, and was most frequent in January samples. Orthocladius 
(Orthocladius) spp. (43.4% of samples) were second most frequent, but were most 
common in March samples (Figure 1-8). An additional 8 genera were found in between 
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9% and 31% of samples. The remaining 18 genera were each found emerging in less than 
5% of samples (Table 1-3). 
 
Across all 108 samples, mean SFPE abundance was 78.4 individuals per sample. 
Monthly mean total emergence per sample ranged from 28 (December) to 171.9 (March) 
(Figure 1-9). Maximum emergence abundance was 2043 SFPE, collected from Bee Creek 
in March 2013. Abundance was significantly lower in December than March (Figure 1-9; 
F3,60=3.76, p=0.015), but did not significantly vary by year. 
 
Individual taxa also displayed monthly variations in emergence (Figure 1-10). Diamesa 
had the highest mean abundance, when present, in all winter months, and was the only 
genus with mean emergence abundance greater than 20 individuals per sample in all four 
months, including March. Odontomesa and Orthocladius (Orthocladius) were the only 
other genera with mean abundances (when present) greater than 10 per sample in 
multiple months (January and February) (Figure 1-10). Although Chaetocladius had 
mean abundances near 10 in both January and February, the genus was not collected in 
December and was present in low abundance in March. Other genera, such as 
Corynoneura and Theinemaniella, were rare or absent in winter months, but had mean 
abundances of over 300 individuals per sample when collected in March. 
 
Emergence versus temperature 
Across all 108 samples, taxa richness was significantly related to both weekly air 
(F1,71=16.95, p=0.001, Figure 1-11a) and water (F1,50=9.43, p=0.003, Figure 1-11b) 
 16 
 
temperatures. Taxa richness was significantly related to weekly air temperatures when 
data were grouped by month (F1,101=5.89, p=0.017); however, the relationship between 
water temperature and taxa richness was not significant within months. Overall 
emergence abundance was not significantly related to either air or water temperatures.  
 
Emergence of Diamesa sp. as a percentage of total chironomid emergence was 
significantly related to both air temperature (F1,58=32.19, p<0.001) and water temperature 
(F1,43=45.48, p<0.001, Figure 1-12). Comparison among the sample temperatures at 
which each genus was collected indicated thermal partitioning (F28,247=2.44, p<0.001, 
Figure 1-13). Statistically significant differences were primarily limited to Diamesa 
(significantly lower than Eukiefferiella) and Chaetocladius (significantly lower than 
Eukiefferiella and seven other genera). 
 
Discussion 
Air and water temperature 
Mean weekly air temperatures had a range of 24.4 ºC across all 36 streams and four 
sample months (December, January, February, and March), with a maximum of 8.9 ºC 
and a minimum of -15.5 ºC. In contrast, mean weekly water temperatures exhibited a 
range of only 8.8 ºC (between 0.1 ºC and 8.9 ºC) over the same time frame (Figure 1-2). 
This dramatic reduction in thermal variability is an expected effect of near-constant 
groundwater temperatures. Bouchard (2007a) found that six groundwater-dominated 
streams in Minnesota had nearly half the thermal range (14.3°C versus 24.9°C) of six 
surface-water dominated streams in the same area. Based on his study and results 
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provided here, we conclude that active groundwater inputs provide thermal buffering to 
streams in southeast Minnesota, with most of the streams providing habitat for sustaining 
populations of trout and cold-stenothermic invertebrates that require low temperatures to 
grow, develop, and emerge.  
 
Groundwater inputs mitigate month-to-month and year-to-year thermal variability in air 
temperatures. Mean weekly air temperatures were significantly higher in December and 
March than in January and February, as would be expected from seasonal temperature 
patterns (Figure 1-3). Comparison between years and within months demonstrate that 
weather patterns and air temperatures also vary from one year to the next; in our data set, 
air temperatures were higher in Year 2 than in Years 1 or 3 (F2,33=8.69, p<0.001, Figure 
1-4). Although water temperature, like air temperature, was higher in March than in 
January or February, the difference in mean temperatures among months was smaller 
(Figure 1-5). Additionally, there were no significant differences in water temperature 
among years (Figure 1-6). This lack of variability indicates that thermal buffering by 
groundwater provides substantial year-to-year thermal stability to aquatic habitats and, 
thus, to their aquatic communities. 
 
Winter emergence patterns 
In temperate areas, winter emergence of Chironomidae is generally dominated by 
Diamesinae and Orthocladiinae (Armitage 1995). Hibernal emergence in groundwater-
fed streams in southeastern Minnesota displays similar patterns, as previously shown for 
a smaller number of streams in Minnesota (Bouchard 2007a) and a wider range of 
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streams in Kansas (Ferrington 2000). In both locations, Orthocladiinae was the most 
taxonomically diverse sub-family in winter emergence samples, consisting of 10 genera 
in Minnesota and 16 genera in Kansas (Ferrington 2000).  
 
Although Orthocladiinae were the most diverse taxa in both Minnesota and Kansas, 
cumulative richness was higher in Kansas (26 genera versus 14 genera). Similarly, 
generic richness within all but one other subfamily was higher in Kansas than Minnesota: 
Orthocladiinae (16 versus 10), Chironominae (7 versus 2), Diamesinae (3 versus 2), and 
Tanypodinae (1 versus 0). Prodiamesinae was the only subfamily with higher generic 
richness in Minnesota than Kansas (1 versus 0). Generic composition in both locations 
was similar; Odontomesa (Prodiamesinae) and Nanocladius (Orthocladiinae) were the 
only two genera collected in Minnesota but not Kansas (Ferrington 2000).  
 
Diamesa (Diamesinae) was the most common and abundant emerging genus in winter in 
Minnesota (found in 80.3% of samples and with a mean abundance of 35.5 individuals 
per sample when collected; Table 1-3). In contrast, Orthocladius (Orthocladius) was the 
most common genus in Kansas (found in 75.7% of samples). The prevalence of Diamesa 
compared to Orthocladius (Orthocladius) in Minnesota is likely due to the lower  winter 
temperatures in Minnesota as compared to Kansas. In Kansas, water temperatures ranged 
from approximately 1°C to 17°C, whereas water temperatures in Minnesota ranged from 
0.1°C to 8.9°C. Diamesa tend to be more cold-adapted than Orthocladiinae, and have 
generally been observed emerging at the lower end of these temperature ranges 
(Bouchard 2007a; Ferrington 2000; Lencioni 2004). In Kansas, Diamesa had the lowest 
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mean emergence temperature, whereas Orthocladius (Orthocladius) was present across 
the entire temperature range (Ferrington 2000). Potentially, higher summer water 
temperatures in streams in Kansas act to reduce populations and species richness of 
Diamesinae. 
 
In Minnesota, Diamesa emerged at temperatures similar to many other taxa (Figure 1-
13). We expected this observation because the design of this study restricted collection 
times to portions of the year when water temperatures remain below 10°C, which was 
determined as the thermal maximum of the genus (Bouchard & Ferrington 2008; 
Bouchard & Ferrington 2009). If data collection was expanded to include additional 
months and higher water temperatures, we expect that the mean emergence temperature 
of Diamesa would become more distinct from that of other taxa. We would not expect 
additional emergence of Diamesa at temperatures above 10°C. However, many genera of 
Orthocladiinae, which have been shown to be less cold-adapted, are expected to continue 
emergence at temperatures exceeding 10 ºC. Consequently, the mean emergence 
temperatures for other taxa will be higher when averaged over the additional months 
when they emerge. The interpretation of the significance of emergence by these taxa may 
be better described as “leakage” in the sense of Bouchard & Ferrington (2009). For 
instance, species of Nanocladius are known to emerge from spring through fall in streams 
that are not strongly buffered by groundwater, but we suggest that they would likely 
exhibit extended fall or spring emergence in groundwater-dominated streams during 
months with higher stream water temperatures (Bouchard 2007a). 
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Spring and monthly emergence patterns 
Including early spring-transitional samples (March) with winter samples increases the 
cumulative number of genera collected from 14 to 28, indicating that spring emergence 
likely begins in March as air and water temperatures begin to increase (Figure 1-7). Many 
of these additional taxa were from diverse (Orthocladiinae, 7 genera) or less cold-adapted 
Chironominae subfamilies (5 genera) (Table 1-3).  
 
Genera found in both winter and spring, Cricotopus, Eukiefferiella, Heterotrissocladius, 
Limnophyes, Micropsectra, Parakiefferiella, and Tvetenia, were at least twice as frequent 
in March as in any winter month, indicating that winter emergence by these genera is also 
likely to be leakage from spring or fall emergence periods rather than a cold-adapted life 
cycle strategy (Bouchard & Ferrington 2009). In contrast, Chaetocladius and Diamesa 
were less frequent in March than January or February, providing additional evidence that 
their winter emergence reflects a winter-active life cycle rather than leakage emergence 
(Bouchard & Ferrington 2009). 
 
Emergence and temperature 
Taxa richness was significantly and positively related to ambient air and water 
temperatures; many of the samples at the highest temperatures and with the greatest taxa 
richness were collected in March (Figures 1-11a & 1-11b). These results confirm the 
importance of average temperature conditions in individual streams in addition to 
seasonal dynamics in dictating emergence patterns. Within individual months, taxa 
richness was only significantly related to air temperature. The lack of a significant 
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relationship with water temperature likely reflects the narrow range of water temperatures 
within each month; when all months are considered, the temperature range is wider. 
 
SFPE abundance was not related to air or water temperatures. This lack of relationship is 
likely indicates that emergence varies not only on a seasonal basis, but also on a daily and 
weekly basis as individual cohorts complete their generational cycles. Therefore, 
abundance values likely do not necessarily reflect peak emergence periods of a genus, 
regardless of month or season. Successive sampling at shorter time intervals would be 
needed to better resolve emergence peaks. 
 
The prevalence of Diamesa (as a proportion of total emergence) was negatively related to 
both air and water temperatures, whereas taxa richness was positively related to air 
temperature (Figure 1-12). This expected result confirms the ecological importance of 
Diamesa in winter months. Brown trout were commonly observed feeding on emerging 
Diamesa on cold, sunny winter days (Personal observation; French et al. 2016). The 
relative dominance of Diamesa decreases at higher temperatures in March, because 
development of Diamesa decreases as temperatures near 10°C, and other spring-
emerging taxa begin to appear. Therefore, winter provides a unique assemblage of 
emerging chironomids that is not found the rest of the year, and these populations 
contribute to winter diets of trout (Anderson et al. 2016; French et al. 2014). 
 
The relationship between Diamesa emergence timing, abundance and water temperature 
indicates that finer-scale variables may have a significant influence within a larger region 
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of homogenous climate. Factors such as substrate or stream size (Anderson et al. 2011; 
Ferrington 2007) could contribute to stream-to-stream patterns of emergence. In this 
research, we demonstrated that seasonal air temperatures are similar across a large region 
of southeastern Minnesota and multiple sites utilize the same NOAA weather stations for 
modeling purposes. However, groundwater inputs are more spatially variable, even on 
fine scales, and significantly influence seasonal and diel fluctuations in water temperature 
across several streams that are spatially clumped (Williams & Vondracek 2010), or even 
within larger stretches of a single stream. 
 
Conclusions 
Analysis of SFPE samples indicate that emergence richness and abundance patterns of 
chironomids are influenced by month, with increased taxa and emergence in spring, as 
well as by thermal patterns, with cold-stenotherm genera, such as Diamesa, dominating 
emergence at the lowest temperatures. As such, cold-emerging insects provide an easily 
accessible source of prey to brown trout, and may fill an ecological gap left by warmer 
adapted summer-emerging species which cease emerging during winter (Anderson et al. 
2016; French et al. 2014; French et al. 2016). 
 
The presence of additional variability in emergence patterns may indicate that variable 
groundwater inputs significantly impact the overwinter thermal regime, both across 
streams (Krider et al. 2013) and perhaps longitudinally within a stream. If so, these fine-
scale variations among streams may significantly affect the emergence patterns of cold-
adapted insects, such as Diamesa, over both small spatial and small temporal scales. 
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Figure 1-1. Locations of 36 sample sites in southeastern Minnesota, USA.  
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Table 1-1. Sample sites, site locations, and number and months of samples collected. Year 1 samples were collected from November 2010 to 
April 2011; year 2 samples were collected from November 2011 to March 2012; Year 3 samples were collected from December 2012 to March 
2013. Streams MBWW, SBWW, and NBWW are the Middle, South, and North branches of the Whitewater River, respectively. 
  Site location   Number of samples collected by month 
Stream Latitude Longitude Year November December January February March April 
Beaver 44.151 -92.037 1 1 0 1 0 1 0 
Daley 43.753 -91.688 1 0 0 1 1 1 0 
Forestville 43.639 -92.241 1 0 1 1 0 0 1 
Garvin 44.007 -91.808 1 0 1 1 0 1 0 
Gribben 43.708 -91.913 1 0 1 0 1 1 0 
Hay 44.478 -92.587 1 0 1 1 0 1 0 
MBWW 44.037 -92.100 1 0 1 0 1 0 1 
Rush 43.937 -91.861 1 0 0 1 1 0 1 
SBWW 44.070 -91.980 1 0 1 0 1 0 1 
Trout Run 43.870 -92.068 1 0 1 1 0 0 1 
West Indian 44.249 -92.151 1 1 0 1 0 1 0 
Winnebago 43.556 -91.450 1 0 1 0 1 1 0 
Badger 43.695 -91.551 2 1 0 1 0 1 0 
Cedar Valley 43.947 -91.566 2 0 1 1 0 1 0 
Cold Spring 44.292 -92.433 2 0 0 2 0 1 0 
Gilmore 44.029 -91.704 2 0 0 2 0 1 0 
Long 44.229 -92.236 2 0 0 2 0 1 0 
Money 43.904 -91.686 2 0 0 2 0 1 0 
NBWW 44.087 -92.025 2 0 0 2 0 1 0 
Pickwick 43.963 -91.502 2 0 1 1 0 1 0 
Pine 43.891 -91.472 2 0 1 1 1 0 0 
Swede Bottom 43.742 -91.543 2 0 1 1 1 0 0 
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  Site location   Number of samples collected by month 
Stream Latitude Longitude Year November December January February March April 
Torkelson 43.774 -91.983 2 1 0 1 1 0 0 
Wells 44.487 -92.433 2 0 0 2 0 1 0 
Bee 43.503 -91.570 3 0 1 0 1 1 0 
Big Springs 43.792 -91.902 3 0 1 0 1 1 0 
Camp 43.652 -92.055 3 0 1 0 1 1 0 
E. Burns Valley 44.024 -91.622 3 0 0 1 1 1 0 
Lost 43.811 -92.197 3 0 1 0 1 1 0 
Pleasant 
Valley 43.975 -91.601 3 0 1 0 1 1 0 
South Root 43.621 -91.857 3 0 1 0 1 1 0 
Spring 44.304 -92.251 3 0 1 0 1 1 0 
Trout Valley 44.158 -91.931 3 0 1 0 1 1 0 
Upper Money 43.924 -91.661 3 0 0 1 1 1 0 
West Albany 44.298 -92.293 3 0 1 0 1 1 0 
West Beaver 43.633 -91.611 3 0 1 0 1 1 0 
Total samples collected by month 4 22 28 21 28 5 
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Table 1-2. Sample dates (yyyymmdd), streams, nearest NOAA weather stations, and mean weekly air and water temperatures (°C) for the 7 days 
preceding sample collection. Actual mean water temperatures were calculated from in-stream HOBO® temperature loggers; estimated mean 
water temperatures were from air-water temperature regressions developed by Krider et al. (2013). Best mean water temperature equals actual 
mean water temperature, if available; otherwise, estimated mean water temperature was used, if available. NA indicates that no data were 
available. Streams MBWW, SBWW, and NBWW are the Middle, South, and North branches of the Whitewater River, respectively. 
Year Sample date Stream Nearest NOAA 
weather station 
Mean air 
temperature (°C) 
Actual mean 
water 
temperature (°C) 
Estimated mean 
water 
temperature (°C) 
Best mean water 
temperature (°C) 
1 20101112 Beaver Theilman 1ssw 6.07 NA 8.80 8.80 
1 20110111 Beaver Theilman 1ssw -15.29 3.00 -0.66 3.00 
1 20110316 Beaver Theilman 1ssw -2.81 5.69 4.87 5.69 
1 20110106 Daley Rushford -9.89 NA 5.15 5.15 
1 20110205 Daley Rushford -11.43 5.70 4.84 5.70 
1 20110326 Daley Rushford 1.51 6.99 7.48 6.99 
1 20101209 Forestville Preston -10.00 NA 6.24 6.24 
1 20110127 Forestville Preston -15.48 4.81 5.11 4.81 
1 20110401 Forestville Preston -1.82 6.21 7.91 6.21 
1 20101205 Garvin Rushford -4.24 NA 4.87 4.87 
1 20110112 Garvin Rushford -13.45 NA 1.61 1.61 
1 20110303 Garvin Rushford -5.60 NA 4.39 4.39 
1 20101217 Gribben Preston -12.18 NA 3.99 3.99 
1 20110204 Gribben Preston -8.46 5.03 4.92 5.03 
1 20110326 Gribben Preston 0.83 6.32 7.24 6.32 
1 20101201 Hay Red Wing Dam 3 -4.76 NA 4.62 4.62 
1 20110114 Hay Red Wing Dam 3 -12.37 NA 1.67 1.67 
1 20110330 Hay Red Wing Dam 3 -3.34 NA 5.17 5.17 
1 20101229 MBWW Theilman 1ssw -6.91 NA 2.57 2.57 
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Year Sample date Stream Nearest NOAA 
weather station 
Mean air 
temperature (°C) 
Actual mean 
water 
temperature (°C) 
Estimated mean 
water 
temperature (°C) 
Best mean water 
temperature (°C) 
1 20110218 MBWW Theilman 1ssw -4.06 3.95 4.04 3.95 
1 20110402 MBWW Theilman 1ssw -1.75 5.79 5.23 5.79 
1 20110107 Rush Rushford -10.96 NA 0.33 0.33 
1 20110211 Rush Rushford -14.09 3.16 -1.27 3.16 
1 20110402 Rush Rushford -1.04 6.38 5.40 6.38 
1 20101228 SBWW Theilman 1ssw -6.08 NA 3.56 3.56 
1 20110217 SBWW Theilman 1ssw -7.75 NA 2.73 2.73 
1 20110402 SBWW Theilman 1ssw -1.75 NA 5.72 5.72 
1 20101208 Trout Run Preston -8.84 NA 3.70 3.70 
1 20110128 Trout Run Preston -14.64 NA 1.93 1.93 
1 20110402 Trout Run Preston -0.99 NA 6.10 6.10 
1 20101120 West Indian Theilman 1ssw 1.29 7.17 6.69 7.17 
1 20110113 West Indian Theilman 1ssw -13.14 0.95 2.00 0.95 
1 20110304 West Indian Theilman 1ssw -10.70 2.30 2.79 2.30 
1 20101210 Winnebago Caledonia -10.39 NA 3.38 3.38 
1 20110203 Winnebago Caledonia -6.84 4.76 4.59 4.76 
1 20110315 Winnebago Caledonia -3.01 6.52 5.90 6.52 
2 20111119 Badger Caledonia 2.43 NA 8.21 8.21 
2 20120127 Badger Caledonia -10.83 7.39 3.51 7.39 
2 20120315 Badger Caledonia 5.79 8.90 9.40 8.90 
2 20111217 Cedar Valley Rushford -3.94 NA 4.13 4.13 
2 20120128 Cedar Valley Rushford -7.69 2.81 2.35 2.81 
2 20120303 Cedar Valley Rushford -1.33 3.96 5.37 3.96 
2 20120112 Cold Spring Theilman 1ssw -0.25 NA 6.53 6.53 
2 20120127 Cold Spring Theilman 1ssw -11.20 6.68 4.23 6.68 
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Year Sample date Stream Nearest NOAA 
weather station 
Mean air 
temperature (°C) 
Actual mean 
water 
temperature (°C) 
Estimated mean 
water 
temperature (°C) 
Best mean water 
temperature (°C) 
2 20120314 Cold Spring Theilman 1ssw 6.15 8.47 7.88 8.47 
2 20120107 Gilmore Rushford -4.34 NA 5.37 5.37 
2 20120128 Gilmore Rushford -7.69 4.87 4.20 4.87 
2 20120310 Gilmore Rushford 0.04 6.44 6.89 6.44 
2 20120111 Long Theilman 1ssw -1.99 NA NA NA 
2 20120127 Long Theilman 1ssw -11.20 NA NA NA 
2 20120316 Long Theilman 1ssw 7.13 NA NA NA 
2 20120108 Money Rushford -3.14 4.33 NA 4.33 
2 20120128 Money Rushford -7.69 1.73 NA 1.73 
2 20120309 Money Rushford 0.35 4.42 NA 4.42 
2 20120107 NBWW Theilman 1ssw -3.65 NA 4.27 4.27 
2 20120127 NBWW Theilman 1ssw -11.20 NA 0.06 0.06 
2 20120309 NBWW Theilman 1ssw -0.09 NA 6.26 6.26 
2 20111216 Pickwick Rushford -4.81 NA 3.50 3.50 
2 20120128 Pickwick Rushford -7.69 NA 1.73 1.73 
2 20120302 Pickwick Rushford -1.52 NA 5.50 5.50 
2 20111203 Pine Caledonia 0.12 4.86 NA 4.86 
2 20120128 Pine Caledonia -8.53 3.69 NA 3.69 
2 20120225 Pine Caledonia -0.99 4.93 NA 4.93 
2 20111202 Swede Bottom Caledonia 2.15 NA 7.32 7.32 
2 20120128 Swede Bottom Caledonia -8.53 5.26 4.33 5.26 
2 20120224 Swede Bottom Caledonia -0.96 6.14 6.45 6.14 
2 20111119 Torkelson Preston 2.29 5.87 7.07 5.87 
2 20120127 Torkelson Preston -10.71 3.29 2.89 3.29 
2 20120224 Torkelson Preston -1.28 4.88 5.92 4.88 
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Year Sample date Stream Nearest NOAA 
weather station 
Mean air 
temperature (°C) 
Actual mean 
water 
temperature (°C) 
Estimated mean 
water 
temperature (°C) 
Best mean water 
temperature (°C) 
2 20120113 Wells Red Wing Dam 3 0.12 NA NA NA 
2 20120127 Wells Red Wing Dam 3 -9.73 NA NA NA 
2 20120317 Wells Red Wing Dam 3 8.96 NA NA NA 
3 20121217 Bee Caledonia -2.90 NA NA NA 
3 20130208 Bee Caledonia -13.49 4.77 NA 4.77 
3 20130325 Bee Caledonia -8.26 5.91 NA 5.91 
3 20121219 Big Springs Rushford -2.54 NA 7.12 7.12 
3 20130207 Big Springs Rushford -13.57 1.55 5.15 1.55 
3 20130321 Big Springs Rushford -4.73 3.91 6.73 3.91 
3 20121213 Camp Preston -3.65 NA NA NA 
3 20130208 Camp Preston -12.54 NA NA NA 
3 20130316 Camp Preston -2.47 NA NA NA 
3 20130109 E. Burns Valley Rushford -10.70 NA NA NA 
3 20130207 E. Burns Valley Rushford -13.57 NA NA NA 
3 20130321 E. Burns Valley Rushford -4.73 NA NA NA 
3 20121214 Lost Preston -3.89 NA NA NA 
3 20130208 Lost Preston -12.54 NA NA NA 
3 20130316 Lost Preston -2.47 NA NA NA 
3 20121207 Pleasant Valley Rushford 2.18 NA NA NA 
3 20130207 Pleasant Valley Rushford -13.57 NA NA NA 
3 20130307 Pleasant Valley Rushford -4.06 NA NA NA 
3 20121214 South Root Rushford -3.73 NA 4.75 4.75 
3 20130208 South Root Rushford -13.55 NA 0.84 0.84 
3 20130317 South Root Rushford -2.06 NA 5.42 5.42 
3 20121212 Spring Theilman 1ssw -3.37 NA NA NA 
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Year Sample date Stream Nearest NOAA 
weather station 
Mean air 
temperature (°C) 
Actual mean 
water 
temperature (°C) 
Estimated mean 
water 
temperature (°C) 
Best mean water 
temperature (°C) 
3 20130207 Spring Theilman 1ssw -14.53 NA NA NA 
3 20130308 Spring Theilman 1ssw -7.07 NA NA NA 
3 20121207 Trout Valley Theilman 1ssw 1.72 NA 6.53 6.53 
3 20130207 Trout Valley Theilman 1ssw -14.53 4.91 2.55 4.91 
3 20130307 Trout Valley Theilman 1ssw -5.41 6.01 4.78 6.01 
3 20130108 Upper Money Rushford -12.27 NA NA NA 
3 20130207 Upper Money Rushford -13.57 NA NA NA 
3 20130321 Upper Money Rushford -4.73 NA NA NA 
3 20121206 West Albany Theilman 1ssw 1.58 NA NA NA 
3 20130207 West Albany Theilman 1ssw -14.53 NA NA NA 
3 20130306 West Albany Theilman 1ssw -4.89 NA NA NA 
3 20121218 West Beaver Caledonia -2.82 NA NA NA 
3 20130208 West Beaver Caledonia -13.49 NA NA NA 
3 20130320 West Beaver Caledonia -5.20 NA NA NA 
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Figure 1-2. Mean weekly air and water temperatures for the 7 days preceding sample collection. 
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Figure 1-3. Weekly air temperatures for the 7 days preceding sample collection by month. Diamond shapes indicate mean weekly air 
temperature by month.  
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Figure 1-4. Weekly air temperatures for the 7 days preceding sample collection by month and year.  
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Figure 1-5. Water temperatures for the 7 days preceding sample collection by month. Diamond shapes indicate mean weekly water temperature 
by month.  
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Figure 1-6. Mean weekly water temperatures for the 7 days preceding sample collection by month and year.  
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Table 1-3. Genera of SFPE, percentage of samples where collected (frequency), and mean generic abundance when present. 
  Cumulative 
 
Winter Spring 
  
December January February Cumulative March 
Subfamily Genus 
Frequency 
Abundance 
Frequency 
Abundance 
Frequency 
Abundance 
Frequency 
Abundance 
Frequency 
Abundance 
Frequency 
Abundance 
Chironominae Dicrotendipes 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.6 1.0 
Chironominae Micropsectra 27.3 12.5 9.1 1.0 28.6 2.1 9.5 1.0 16.9 1.8 53.6 21.1 
Chironominae Paratanytarsus 3.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.7 2.0 
Chironominae Rheotanytarsus 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.6 1.0 
Chironominae Stictochironomus 2.0 2.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.1 2.5 
Chironominae Tanytarsus 2.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.1 2.0 
Chironominae Undetermined 1.0 1.0 0.0 0.0 3.6 1.0 0.0 0.0 1.4 1.0 0.0 0.0 
Diamesinae Diamesa 74.7 35.4 68.2 39.5 92.9 40.8 76.2 23.0 80.3 35.5 60.7 35.0 
Diamesinae Pagastia 4.0 4.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14.3 4.8 
Orthocladiinae Brillia 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.6 1.0 
Orthocladiinae Chaetocladius 26.3 7.9 0.0 0.0 35.7 9.7 42.9 10.1 26.8 9.9 25.0 2.6 
Orthocladiinae Corynoneura 4.0 192.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14.3 192.0 
Orthocladiinae Cricotopus 19.2 32.5 18.2 1.0 7.1 1.5 4.8 2.0 9.9 1.3 42.9 50.7 
Orthocladiinae Diplocladius 1.0 41.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.6 41.0 
Orthocladiinae Eukiefferiella 12.1 14.8 0.0 0.0 0.0 0.0 4.8 1.0 1.4 1.0 39.3 16.1 
Orthocladiinae Heterotrissocladius 4.0 1.5 0.0 0.0 3.6 1.0 0.0 0.0 1.4 1.0 10.7 1.7 
Orthocladiinae Limnophyes 4.0 1.0 0.0 0.0 0.0 0.0 4.8 1.0 1.4 1.0 10.7 1.0 
Orthocladiinae Nanocladius 1.0 1.0 0.0 0.0 3.6 1.0 0.0 0.0 1.4 1.0 0.0 0.0 
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  Cumulative 
 
Winter Spring 
  
December January February Cumulative March 
Subfamily Genus 
Frequency 
Abundance 
Frequency 
Abundance 
Frequency 
Abundance 
Frequency 
Abundance 
Frequency 
Abundance 
Frequency 
Abundance 
Orthocladiinae 
Orthocladius 
(Euorthocladius) 13.1 5.8 9.1 1.0 3.6 1.0 19.0 14.0 9.9 8.4 21.4 2.7 
Orthocladiinae 
Orthocladius 
(Orthocladius) 43.4 21.3 22.7 2.4 21.4 1.2 52.4 18.9 31.0 10.3 75.0 32.9 
Orthocladiinae Parachaetocladius 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.57 1 
Orthocladiinae Parakiefferiella 9.1 10.4 0.0 0.0 7.1 1.0 4.8 4.0 4.2 2.0 21.42 14.66 
Orthocladiinae Parametriocnemus 2.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.14 1 
Orthocladiinae Synorthocladius 2.02 1 0 0 0 0 0 0 0 0 7.14 1 
Orthocladiinae Thienemanniella 3.03 317.66 0 0 0 0 0 0 0 0 10.71 317.66 
Orthocladiinae Tvetenia 24.24 6.95 4.54 3 21.42 1.33 19.04 1.25 15.49 1.45 46.42 11.61 
Prodiamesinae Odontomesa 30.3 6.76 4.54 2 39.28 2.45 14.28 9.66 21.12 3.86 53.57 9.66 
Prodiamesinae Prodiamesa 2.02 2 0 0 0 0 0 0 0 0 7.14 2 
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Table 1-4. Streams and sample dates (yyyyddmm), SFPE abundance, number of taxa, and abundance of Diamesa sp. Percentage of Diamesa is as 
a percentage of total SFPE collected. NA indicates that no SFPE were collected in that sample. 
Stream Sample date Sample month SFPE 
abundance 
Number of taxa Abundance of 
Diamesa 
Percentage of 
Diamesa 
Beaver 20101112 November 5 2 0 0.0 
Beaver 20110111 January 36 2 35 97.2 
Beaver 20110316 March 305 10 10 3.2 
Daley 20110106 January 11 2 10 90.9 
Daley 20110205 February 91 3 5 5.5 
Daley 20110326 March 38 11 0 0.0 
Forestville 20101209 December 1 1 0 0.0 
Forestville 20110127 January 1 1 1 100.0 
Forestville 20110401 April 3 2 0 0.0 
Garvin 20101205 December 22 1 22 100.0 
Garvin 20110112 January 16 1 16 100.0 
Garvin 20110303 March 152 3 34 22.4 
Gribben 20101217 December 7 1 7 100.0 
Gribben 20110204 February 2 2 0 0.0 
Gribben 20110326 March 192 13 3 1.6 
Hay 20101201 December 1 1 0 0.0 
Hay 20110114 January 2 1 2 100.0 
Hay 20110330 March 261 13 0 0.0 
M. Whitewater 20101229 December 10 1 10 100.0 
M. Whitewater 20110218 February 1 1 1 100.0 
M. Whitewater 20110402 April 392 15 2 0.5 
Rush 20110107 January 0 0 0 NA 
Rush 20110211 February 0 0 0 NA 
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Stream Sample date Sample month SFPE 
abundance 
Number of taxa Abundance of 
Diamesa 
Percentage of 
Diamesa 
Rush 20110402 April 39 14 1 2.6 
S. Whitewater 20101228 December 4 2 3 75.0 
S. Whitewater 20110217 February 110 3 65 59.0 
S. Whitewater 20110402 April 64 5 0 0.0 
Trout Run 20101208 December 23 1 23 100.0 
Trout Run 20110128 January 29 2 28 96.5 
Trout Run 20110402 April 460 15 10 2.2 
West Indian 20101120 November 38 8 1 2.6 
West Indian 20110113 January 36 1 36 100.0 
West Indian 20110304 March 65 4 33 50.8 
Winnebago 20101210 December 1 1 1 100.0 
Winnebago 20110203 February 0 0 0 NA 
Winnebago 20110315 March 154 8 5 3.2 
Badger 20111119 November 30 8 2 6.7 
Badger 20120127 January 4 3 1 25.0 
Badger 20120315 March 19 6 0 0.0 
Cedar Valley 20111217 December 72 2 71 98.6 
Cedar Valley 20120128 January 103 4 57 55.3 
Cedar Valley 20120303 March 7 3 2 28.6 
Cold Spring 20120112 January 1 1 1 100.0 
Cold Spring 20120127 January 9 2 8 88.9 
Cold Spring 20120314 March 26 8 2 7.7 
Gilmore 20120107 January 54 3 48 88.9 
Gilmore 20120128 January 50 3 41 82.0 
Gilmore 20120310 March 41 9 6 14.6 
Long 20120111 January 25 3 18 72.0 
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Stream Sample date Sample month SFPE 
abundance 
Number of taxa Abundance of 
Diamesa 
Percentage of 
Diamesa 
Long 20120127 January 35 8 16 45.7 
Long 20120316 March 501 14 0 0.0 
Money 20120108 January 44 4 41 93.2 
Money 20120128 January 3 2 2 66.7 
Money 20120309 March 16 5 3 18.8 
N. Whitewater 20120107 January 229 4 223 97.4 
N. Whitewater 20120127 January 142 6 137 96.5 
N. Whitewater 20120309 March 6 4 0 0.0 
Pickwick 20111216 December 289 2 288 99.6 
Pickwick 20120128 January 165 7 152 92.1 
Pickwick 20120302 March 35 8 2 5.7 
Pine 20111203 December 108 5 97 89.8 
Pine 20120128 January 54 4 44 81.5 
Pine 20120225 February 33 5 13 39.4 
Swede Bottom 20111202 December 3 2 0 0.0 
Swede Bottom 20120128 January 0 0 0 NA 
Swede Bottom 20120224 February 10 5 1 10.0 
Torkelson 20111119 November 11 5 0 0.0 
Torkelson 20120127 January 140 4 126 90.0 
Torkelson 20120224 February 76 6 43 56.6 
Wells 20120113 January 2 1 2 100.0 
Wells 20120127 January 5 2 4 80.0 
Wells 20120317 March 233 9 1 0.4 
Bee 20121217 December 1 1 0 0.0 
Bee 20130208 February 11 2 2 18.2 
Bee 20130325 March 2043 15 27 1.3 
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Stream Sample date Sample month SFPE 
abundance 
Number of taxa Abundance of 
Diamesa 
Percentage of 
Diamesa 
Big Springs 20121219 December 44 1 44 100.0 
Big Springs 20130207 February 38 3 29 76.3 
Big Springs 20130321 March 0 0 0 NA 
Camp 20121213 December 14 2 13 92.8 
Camp 20130208 February 102 5 71 69.6 
Camp 20130316 March 547 9 433 79.1 
E. Burns Valley 20130109 January 2 1 2 100.0 
E. Burns Valley 20130207 February 0 0 0 NA 
E. Burns Valley 20130321 March 0 0 0 NA 
Lost 20121214 December 0 0 0 NA 
Lost 20130208 February 96 6 20 20.8 
Lost 20130316 March 0 0 0 NA 
Pleasant Valley 20121207 December 3 1 3 100.0 
Pleasant Valley 20130207 February 10 1 10 100.0 
Pleasant Valley 20130307 March 0 0 0 NA 
South Root 20121214 December 7 2 4 57.1 
South Root 20130208 February 67 4 45 67.2 
South Root 20130317 March 0 0 0 NA 
Spring 20121212 December 1 1 0 0 
Spring 20130207 February 0 0 0 NA 
Spring 20130308 March 14 3 2 14.3 
Trout Valley 20121207 December 0 0 0 NA 
Trout Valley 20130207 February 12 1 12 100.0 
Trout Valley 20130307 March 85 5 18 21.2 
Upper Money 20130108 January 29 3 11 37.9 
Upper Money 20130207 February 68 4 11 16.2 
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Stream Sample date Sample month SFPE 
abundance 
Number of taxa Abundance of 
Diamesa 
Percentage of 
Diamesa 
Upper Money 20130321 March 50 6 4 8.0 
West Albany 20121206 December 1 1 1 100.0 
West Albany 20130207 February 22 1 22 100.0 
West Albany 20130306 March 13 3 5 38.5 
West Beaver 20121218 December 5 1 5 100.0 
West Beaver 20130208 February 18 1 18 100.0 
West Beaver 20130320 March 9 2 8 88.9 
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Figure 1-7. Number of genera of SFPE emerging per sample by month. Diamond shapes indicate monthly means.  
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Figure 1-8. Frequency of selected chironomid genera collected by month. Genera which were only collected in March (transitional) samples were 
excluded.  
 45 
 
 
Figure 1-9. Monthly SFPE emergence abundance per sample. Diamond shapes indicate monthly means. One outlier data point (March, 
abundance of 2043) has been omitted from the graph.  
 46 
 
 
Figure 1-10. Monthly emergence abundance when genus is present, in order of decreasing maximum abundance.  
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Figure 1-11a. Number of taxa emerging in SFPE samples versus mean air temperature for the week preceding sample collection. Symbol 
indicates the month in which a sample was collected.  
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Figure 1-11b. Number of taxa emerging in SFPE samples versus mean water temperature for the week preceding sample collection. Symbol 
indicates the month in which a sample was collected.  
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Figure 1-12. Diamesa as a proportion of total emergence versus weekly mean water temperature.  
 50 
 
 
Figure 1-13. Emergence temperatures all collected chironomid genera. If no data are shown for a genus, no water temperature data were 
available for samples where emergence occurred.
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CHAPTER 2 
 
INFLUENCE OF GROUNDWATER ON HIBERNAL EMERGENCE OF 
DIAMESA MENDOTAE (DIPTERA: CHIRONOMIDAE) IN SOUTHEASTERN 
MINNESOTA STREAMS 
 
 
Introduction 
Southeastern Minnesota is part of the larger Driftless Ecoregion, which is an area of 
Karst geology characterized by surface and sub-surface groundwater flows through a 
carbonate-sandstone landscape (Omernik & Gallant 1988; Williams & Vondracek 2010). 
In general, groundwater is thermally buffered from seasonal and diel temperature 
fluctuations (Luhmann et al. 2011); consequently, groundwater-fed streams are relatively 
thermally stable in comparison to surface water-fed streams (Bouchard 2007a). By 
remaining cool in summer and ice-free in winter, groundwater-fed streams provide ideal 
habitat for trout and cold-adapted insects (Chapter 1; French et al. 2014; French et al. 
2016).  
 
Although groundwater flows remain near mean annual air temperature (approximately 
9°C in SE Minnesota) throughout the year, water temperatures can vary spatially and 
seasonally among streams depending on groundwater pathways and inputs (Luhmann et 
al. 2010). In general, two methods have been used to model the effect of groundwater on 
stream water temperature. The first is the development of a complex energy budget; 
however, the necessary calculations often require detailed information that is simply not 
available or practical to attain (Kalbus et al. 2006). Thus, complete groundwater system 
mapping is rarely achieved. 
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A second, simpler method uses the relationship between air and water temperature to 
approximate groundwater inputs to a stream system. Although these relationships are less 
detailed, they have proved useful in predicting stream temperatures (Pilgrim et al. 1998; 
O’Driscoll & DeWalle 2006). Krider et al. (2013) and O’Driscoll & DeWalle (2004) both 
show that air-water temperature regressions can successfully model the influence of 
groundwater on stream thermal regime at stream reach spatial scales. In their approach, 
the slope of the linear regression between average weekly air and water temperatures can 
be used as a surrogate for the volume of groundwater entering a stream reach. In stream 
reaches with the most groundwater influence, fluctuations in air temperature have 
minimal impact on water temperature. As a result, regression models for groundwater-fed 
stream reaches with more groundwater input have lower slopes and higher intercepts than 
those of reaches with less groundwater input, reflecting the mitigating thermal influence 
of groundwater. In contrast, stream reaches with higher slopes and lower intercepts are 
more meteorologically controlled, because they have less groundwater input (Krider et al. 
2013). 
 
Variations in thermal regime among groundwater-fed streams may impact the growth and 
development of ultra-cold stenotherm insects, which require a narrow range of low 
temperatures. One common method for explaining variations in growth and development 
in aquatic organisms (often fish) is the calculation of degree days above a thermal 
minimum (Chezik et al. 2014). The degree day for a single day is calculated as the 
difference between mean daily water temperature and a threshold temperature below 
which development does not occur; cumulative degree days are summed over the period 
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of interest (Chezik et al. 2014). For cold stenotherms, a thermal maximum is also 
relevant, as development and emergence do not occur above an upper threshold 
temperature. 
 
Diamesa mendotae Muttkowski is one of these cold-adapted species, as are other 
chironomids within the sub-family Diamesinae (Kohshima 1984; Willassen & Cranston 
1986; Nolte & Hoffman 1992; Lindegaard & Broderson 1995; Oliver & Dillon 1997; 
Ferrington & Masteller 2015). Emergence occurs throughout the winter at water 
temperatures below the species’ thermal maximum of approximately 10°C (Chapter 1; 
Bouchard & Ferrington 2009). In groundwater-fed stream reaches, thermal buffering 
allows D. mendotae to complete its life cycle in as little as 60 days, allowing for the 
completion of multiple generations in a single winter (Bouchard & Ferrington 2009). 
Variation in water temperature among streams (and reaches within a stream) with varying 
groundwater input may significantly impact the growth, development, and emergence 
patterns of D. mendotae. Previous studies have indicated that maximum growth of D. 
mendotae likely occurs between 4 and 8°C, and would be reduced outside of this optimal 
range (Bouchard & Ferrington 2009).     
 
The goal of this study was to evaluate the winter emergence patterns of the cold-adapted 
chironomid Diamesa mendotae in relationship to varying groundwater inputs and stream 
thermal regimes. We evaluated the ability of air-water temperature regressions to 
accurately estimate mean weekly stream water temperatures and act as a surrogate for 
groundwater input. Additionally, we used degree days to develop a model for winter 
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emergence. We hypothesized that emergence of D. mendotae would vary among stream 
reaches in relationship to groundwater input. We also expected that we would observe 
multiple generations of D. mendotae emerging over the course of a single winter season, 
which would provide winter biomass for trout in groundwater-fed stream systems. 
 
Materials and Methods 
Study sites and field methods 
We assessed 36 groundwater-fed stream reaches in southeastern Minnesota. The selected 
sites were small, wadeable 150-meter stream reaches (Figure 2-1).  Selected sites were 
known to have brown trout populations, and ranged in maximum stream width from 2.0 
meters to 17.9 meters.  Drainage area ranged from 7.2 km2 to 269.4 km2 (French et al. 
2016). Samples were collected in November through April, beginning in November 2010 
and ending in March 2013. Twelve sample sites were evaluated each year, with each site 
visited on three occasions. 
 
Hibernal emergence of Diamesa mendotae was measured with collections of surface-
floating pupal exuviae (SFPE), using standard protocols as described by Ferrington et al. 
(1991) and Kranzfelder et al. (2015). SFPE were collected over a timed 10-minute 
sampling period, by scooping them from the water surface where they collect. Samples 
were sieved, preserved in 70% ethyl alcohol, and returned to the laboratory for 
identification. Pupal exuviae of the species Diamesa mendotae were picked from the 
samples; partial pupae and adults were not counted. 
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Temperature data and air-water regressions 
Water temperature data were collected from each sample reach using HOBO® 
temperature loggers. Temperature data were recorded at 15-minute intervals to obtain 
daily minimum, maximum, and mean temperatures. In-stream water temperature data 
were not available for all sites as some loggers were lost due to adverse weather and 
flooding conditions. Air temperature data were obtained from nearby NOAA weather 
stations, using methods described in Krider et al. (2013).  
 
For sites with air-water temperature regressions calculated by Krider et al. (2013), the 
regressions were used to calculate estimated weekly water temperature from mean 
weekly air temperature for the week preceding sample collection. Additionally, 
regressions were used to model mean weekly water temperature on a daily basis; these 
estimates were used to calculate degree days over the course of the winter.  Degree days 
(DD) were calculated from mean water temperature (WT) on a daily basis using the 
following equations: 
DD = WT, when 0°C ≤ WT ≤ 8°C; 
and 
DD = 4(10 – WT), when 8°C < WT ≤ 10°C 
Maximum growth rate was estimated at 8˚C (Bouchard & Ferrington 2009). Water 
temperatures outside of the species’ thermal preference (above 10°C or below 0°C) 
corresponded to 0 degree days, as growth would not be expected. 
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Statistical analyses 
All statistical analyses were calculated using the program R (version 3.3.0). A paired T-
test was used to determine whether there were significant differences between estimated 
and actual mean weekly water temperature (when both were available) for the seven days 
preceding sample collection.  
 
Mixed effects models (package nlme) were used to compare D. mendotae abundance 
with regression slopes and cumulative degree days, with site included as a random effect 
when multiple samples were collected at a single site. Linear regression models were 
used when there were only single data points from each site. In both cases, abundance 
data were square root transformed (+ 0.5) to normalize their distribution. 
 
Results 
Air and water temperature data 
Local air temperature data were available for all 36 sites (108 samples). However, air-
water temperature regressions (Krider et al. 2013) were only available for 69 samples (23 
of 36 sites). Regression slope values ranged from 0.178 to 0.611 and y-intercepts at 0˚C 
air temperature ranged from 5.929 to 8.287 (Table 2-1). 
 
Actual in-stream water temperatures for the week preceding sample collection were 
available for 42 samples; 77 of the 108 samples had either actual or estimated water 
temperatures available (Table 2-2). Actual and estimated water temperatures were both 
available for 34 samples, and were not significantly different from each other (t33=-0.93, 
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p=0.36; Figure 2-2); therefore, estimated water temperatures were used in further 
analyses.  
 
Thermal buffering and degree days 
Estimated weekly water temperatures indicated that air-water regression slopes, hereafter 
regression slope, and thus groundwater inputs, significantly affected the thermal regime 
of stream reaches. From July 1, 2010 to June 30, 2011, mean weekly air temperature at 
the Rushford NOAA weather station ranged 42.2°C, from -16.7 to 25.5°C (Figure 2-3). 
Stream reaches in Rush Creek and Daley Creek, which are both nearest to this station, 
exhibited substantially different thermal regimes. Estimated weekly water temperatures at 
the Rush Creek reach, with regression slope of 0.511 and y-intercept of 5.929, ranged 
21.6°C, from -2.6°C to 19.0°C. By contrast, the Daley Creek reach, with regression slope 
of 0.204 and y-intercept of 7.171, had a temperature range of 8.62°C (3.8°C to 12.4°C).  
 
Across all stream reaches, the total number of days below 10°C in a single winter season 
ranged from 132 to 259 (Table 2-3). Total days below 10°C were inversely related to 
regression slope (Figure 2-4; F1,21=30.98, p<0.001). To illustrate, the Daley Creek reach, 
with a regression slope of 0.204, had an estimated 231 days below 10°C in the winter of 
2010 to 2011. The first day below 10°C was September 21, and mean temperatures were 
consistently below 10°C by September 29. The last day below 10°C was May 31, 
although temperatures were not consistently under 10°C by May 12. The Rush Creek 
reach, with a regression slope of 0.511, had an estimated 182 days below 10°C during the 
same year from November 1 to May 10 (Figure 2-5a).  
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Cumulative degree days within the thermal optimum of D. mendotae (0°C to 10°C, with 
maximum degree days at 8°C) indicate a similar pattern. The Daley Creek reach had an 
estimated 1210 degree days over the winter season, whereas the Rush Creek reach had 
only 595 degree days (Table 2-3). This is, in part, due to low estimated water 
temperatures in the Rush Creek reach in parts of mid-December to mid-February, during 
which negligible degree days were added to the cumulative total (Figure 2-5b).  
 
D. mendotae emergence patterns 
Emergence patterns of D. mendotae versus cumulative degree days show that emergence 
occurs throughout the winter, but high emergence is interspersed with periods of low 
emergence (Figure 2-6). Emergence was limited until approximately 180 degree days, at 
which point abundant emergence began to occur. A period of low emergence was 
observed between 570 and 715 degree days. Emergence occurred into early spring (past 
715 degree days), but abundance of Diamesa emergers was limited. The two highest 
emergence events of over 200 SFPE occurred in January 2012 and December 2011 (Year 
2), at the two stream reaches with the highest regression slopes: North Branch 
Whitewater (0.557) and Pickwick (0.611). 
 
Comparison of SFPE data over a 2-day period in Year 2 (January 27-28, 2012) indicated 
that sites with lower regression slopes tended to have a greater number of cumulative 
degree days (Figure 2-7a; F1,6=116.8, p<0.001). Cumulative degree days ranged from 342 
to 704 across eight sites. Emergence of D. mendotae was positively related to regression 
slope (F1,6=6.90, p=0.039) and showed a similar trend in relationship to cumulative 
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degree days (F1,6=4.53, p=0.077). Similarly, SFPE taxa richness was positively related to 
the air-water temperature regression over the same two-day period (Figure 2-7b; 
F1,6=20.7, p<0.004). Richness ranged from 0 to 7 taxa per sample.  
Similar to January data in Year 2, Year 1 regression slope and cumulative degree days 
were significantly but negatively related in January (F1,6=90.3, p<0.001) and February 
(F1,4=416.3, p<0.001). Analyses for other months and years were limited due to sample 
sizes. Emergence across an entire month was not significantly related to regression slope 
or cumulative degree days (Figure 2-8).   
 
Discussion 
Air-water temperature regressions 
Air-water temperature regression slopes were available for 23 streams and ranged from 
0.178 to 0.611 (Table 2-1). Krider et al. (2013), analyzed these and 16 other streams to 
develop a composite, weekly regression model with a slope of 0.38, an intercept of 6.63, 
and an R2 value of 0.83. They suggested that their model applied across reaches of an 
entire stream. However, the models were based on one or only a few sample sites per 
stream, and it may be more useful to interpret the models at stream-reach spatial scales. 
This latter interpretation would be especially useful in streams with one or only a few 
relatively discreet spring sources or upwelling areas restricted spatially to a short stretch 
of stream. 
 
Regression models provide a quantitative method to assess and compare significant 
departures from the water temperature patterns in stream reaches of nearby surface-water 
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fed streams. Pilgrim et al. (1988) performed similar analyses on 39 nearby streams, 36 of 
which were surface-water dominated. The composite, weekly regression model 
developed for these stream reaches had a slope of 0.97, an intercept of 1.88, and an R2 
value of 0.83. The difference in regression slope and intercept between Pilgrim et al. 
(1998) and Krider et al. (2013) indicates that groundwater input, significantly impacts 
regression equations at a stream reach scale. Although other stream reach characteristics, 
such as shading or flow, may also be inherent within the regression, groundwater is the 
primary driver (Krider et al. 2013).  
 
R2 values of 0.83 from both Pilgrim et al. (1998) and Krider et al. (2013) indicate that 
air-water temperature regressions can be utilized for stream reaches in both groundwater 
and surface-water dominated systems. Comparison of actual and predicted water 
temperatures in this study confirmed that actual and estimated mean weekly water 
temperatures were not significantly different from each other.  
 
The range of slopes found across study sites indicates that groundwater input is spatially 
variable in trout streams across southeastern Minnesota. Although Krider et al. (2013) 
were not able to correlate regression slope on a stream scale with spring location, 
groundwater volumes are likely significant in determining air-water regression slope of a 
given stream reach. It is important to note that mean weekly water temperatures sacrifice 
fine-scale accuracy to provide useful estimates. 
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Thermal buffering and degree days 
The thermal buffering capacity of groundwater is apparent at multiple scales; both daily 
and seasonal air temperature fluctuations are mitigated in groundwater-fed streams. 
Additionally, thermal regimes at reach scale vary among nearby streams with different 
groundwater inputs and regression slopes (Figure 2-3). For cold-adapted chironomid 
species such as D. mendotae, which rely on temperatures below a thermal maximum of 
10°C, these thermal differences can significantly impact growth and development, both 
across streams and even among reaches within a given stream.  
 
Previous research has shown that D. mendotae complete a minimum of two generations 
per year in Valley Creek, Minnesota, based on an estimated minimum development time 
of 63-91 days, during which mean daily temperatures remained below 10°C (Bouchard & 
Ferrington 2009). Our study found that sites with lower air-water temperature regression 
slopes had a greater number of days below 10°C during the course of a single winter, 
with the total number of days ranging from 132 to 259. This 127-day difference may 
potentially allow for the completion of additional generation(s) in stream reaches with 
higher volumes of groundwater input. 
 
Growth rates of D. mendotae may vary with water temperature below their thermal 
maximum. Previous studies (e.g., Bouchard & Ferrington 2009) indicate that growth and 
development is highest between 4°C and 8°C, and emergence is negligible above 10°C. 
We also expect that growth rates of D. mendotae decrease as temperatures approach a 
minimum of 0°C. In stream reaches with limited groundwater input and higher regression 
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slopes, water temperatures often remain near 0°C in mid-winter. During this time, 
accumulation of degree days, and thus growth of D. mendotae, would be limited (Figure 
2-5b) and reduce the degree of voltinism. 
 
Emergence patterns 
We found that D. mendotae likely complete three or four life cycles over the winter in 
some stream reaches of southeastern Minnesota trout streams. Initial winter emergence 
was observed when reaches accumulated around 180 degree days, summed over days 
when mean weekly water temperatures did not exceed 10°C. The broad emergence peak 
between 180 and 570 degrees likely reflects two to three overlapping generations across 
stream reaches, along with potentially asynchronous emergence as a result of reach-scale 
thermal and population variability. The last emergence peak occurred around 750 days; 
with minimal emergence before 150 and after 800 degree days.  
 
This timing of emergence suggests that 180-200 degree days with mean weekly water 
temperatures below 10°C is required for D. mendotae to complete its life cycle. In 
groundwater-fed stream reaches with significant inflow, cumulative degree days (over 
1000) theoretically encompass four-to-five potential generations (requiring 800-1000 
degree days). In contrast, stream reaches with limited groundwater input exhibit reduced 
degree day accumulation. Such reaches, with about 600 annual cumulative degree days, 
have the potential for the completion of three generations. This limitation to voltinism 
could reduce available biomass to trout, which have been commonly observed feeding on 
emerging chironomids in winter (Anderson et al. 2016; French et al. 2014).  
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Within a two-day time frame, SFPE taxa richness was greatest at sites with the highest 
air-water regression slope. The winter and year-around thermal variability in streams with 
limited groundwater input likely allows for more thermal partitioning among chironomid 
species (Bouchard 2007a). Increased emergence of D. mendotae in thermally variable 
streams may reflect larger populations (Figure 2-7a); however, these differences may also 
be due to the wide range of degree days among stream reaches, and a limited time during 
which individual cohorts can emerge. The lack of a significant emergence relationship on 
a broader monthly scale indicates that significant degree day changes over a short time 
period likely significantly impact the intersection of sample collection events with 
emergence peaks in our model. Additional in-stream water temperature data, at-stream air 
temperature data, and population data would be needed to develop a more detailed 
emergence model.   
 
Conclusions 
Emergence patterns of D. mendotae indicated the completion of at least three generations 
over a single winter, as facilitated by thermal buffering, but potentially up to five 
generations in strongly buffered reaches. Air-water temperature regressions (Krider et al. 
2013) provide a simple, but relatively useful measure of groundwater input at a reach-
scale in small streams in southeastern Minnesota, and can be used to develop degree day 
models for growth. Regression slope provides an inverse measure of the volume of 
groundwater entering a stream reach, which varies both among streams and among 
reaches. Although slope is useful in comparing emergence among streams, it is 
considered to be more indicative of buffering at reach-level spatial scale; more detailed 
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temporal patterns and growth-temperature experiments would be required to develop a 
predictive model of emergence that would apply across different stream reaches in a 
catchment. 
 
As a multivoltine species, D. mendotae has the potential to provide biomass that might 
not otherwise be available in the winter for trout. Groundwater-fed streams in Minnesota 
provide ideal habitat to brown trout, which are known to feed on chironomids, among 
other aquatic invertebrates (Anderson et al. 2016; Cochran-Biederman & Vondracek 
2017; French et al. 2014). We have observed brown trout opportunistically feeding on 
pupal and adult chironomids during large emergence events, especially in winter.  
Climate changes may significantly affect ecological dynamics in these streams, because 
both trout and invertebrate dynamics are temperature dependent. 
 
Predicted climate change scenarios estimate that air temperature in the midwestern 
United States may rise between 1 and 8°C by the year 2050. In fact, Baker and Baker 
(2002) found that mean soil temperature near Saint Paul, Minnesota has risen nearly 
0.05˚C per year over the past several decades, and continuing increases are expected. 
Lyons et al. (2010) predict that corresponding water temperature increases will 
significantly impact fish populations, especially in coldwater streams. In fact, one model 
predicted that a 5°C increase in air temperature would eliminate 100% of brook trout and 
88% of brown trout distribution across the state of Wisconsin (Mitro et al. 2010).  
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Although groundwater-fed stream reaches are buffered from air temperature fluctuations, 
they will be affected by climate change in both the short and long-term. Air-water 
regression relationships would not be expected to change in the short term, because 
groundwater inputs are slow to respond to air temperature changes. However, increases in 
air temperature will have an immediate effect on water temperatures via heat exchange.  
On a longer time scale, climate changes would be expected to also influence groundwater 
processes. Groundwater temperature reflects the mean annual air temperature; therefore, 
climate warming will eventually be reflected in groundwater temperatures. Thus, an 
upward shift in the air-water regression relationship is likely. 
 
The potential growth period for species such as D. mendotae (days below 10°C) would be 
expected to be reduced, and may limit the number of generations that can be completed 
across differing reaches in a single winter. D. mendotae may also experience increased 
development rates in streams with limited groundwater input, which can reduce the size 
(and mass) of adults at emergence. Currently, these streams remain near 0°C for much of 
the winter, where growth would be minimal with a longer development time (Figure 2-
5b). Climate changes could raise midwinter temperatures, potentially allowing for faster 
development, resulting in smaller adults at emergence. Such changes to available biomass 
and emergence timing may adversely affect the winter diets of brown trout. 
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Figure 2-1. Locations of 36 sample sites in southeastern Minnesota, USA. 
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Table 2-1. Streams, nearest NOAA weather stations, and air-water temperature regressions. NA values indicate that insufficient data were 
available to develop a regression model. 
Year Stream Nearest NOAA  
weather station 
Air-water temperature regression 
Slope Intercept 
1 Beaver Theilman 1ssw 0.443 6.11 
1 Daley Rushford 0.204 7.171 
1 Forestville Preston 0.205 8.287 
1 Garvin Rushford 0.354 6.371 
1 Gribben Preston 0.25 7.037 
1 Hay Red Wing Dam 3 0.388 6.466 
1 M. Whitewater Theilman 1ssw 0.515 6.135 
1 Rush Rushford 0.511 5.929 
1 S. Whitewater Theilman 1ssw 0.499 6.596 
1 Trout Run Preston 0.306 6.406 
1 West Indian Theilman 1ssw 0.325 6.272 
1 Winnebago Caledonia 0.342 6.93 
2 Badger Caledonia 0.354 7.346 
2 Cedar Valley Rushford 0.474 5.998 
2 Cold Spring Theilman 1ssw 0.21 6.585 
2 Gilmore Rushford 0.347 6.874 
2 Long Theilman 1ssw NA NA 
2 Money Rushford NA NA 
2 N. Whitewater Theilman 1ssw 0.557 6.303 
2 Pickwick Rushford 0.611 6.434 
2 Pine Caledonia NA NA 
2 Swede Bottom Caledonia 0.28 6.72 
2 Torkelson Preston 0.322 6.335 
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Year Stream Nearest NOAA  
weather station 
Air-water temperature regression 
Slope Intercept 
2 Wells Red Wing Dam 3 NA NA 
3 Bee Caledonia NA NA 
3 Big Springs Rushford 0.178 7.569 
3 Camp Preston NA NA 
3 E. Burns Valley Rushford NA NA 
3 Lost Preston NA NA 
3 Pleasant Valley Rushford NA NA 
3 South Root Rushford 0.398 6.234 
3 Spring Theilman 1ssw NA NA 
3 Trout Valley Theilman 1ssw 0.245 6.105 
3 Upper Money Rushford NA NA 
3 West Albany Theilman 1ssw NA NA 
3 WestBeaver Caledonia NA NA 
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Table 2-2. Sample events and mean weekly air, water, and estimated weekly water temperatures (˚C) for the 7 days preceding sample collection. 
NA values indicate no data are available. 
Year Stream Sample date 
(yyyymmdd) 
Mean weekly air 
temperature (˚C) 
Mean weekly water 
temperature (˚C) 
Estimated weekly water 
temperature (˚C) 
1 Beaver 20101112 6.07 NA 8.80 
1 Beaver 20110111 -15.29 3.00 -0.66 
1 Beaver 20110316 -2.81 5.69 4.87 
1 Daley 20110106 -9.89 NA 5.15 
1 Daley 20110205 -11.43 5.70 4.84 
1 Daley 20110326 1.51 6.99 7.48 
1 Forestville 20101209 -10.00 NA 6.24 
1 Forestville 20110127 -15.48 4.81 5.11 
1 Forestville 20110401 -1.82 6.21 7.91 
1 Garvin 20101205 -4.24 NA 4.87 
1 Garvin 20110112 -13.45 NA 1.61 
1 Garvin 20110303 -5.60 NA 4.39 
1 Gribben 20101217 -12.18 NA 3.99 
1 Gribben 20110204 -8.46 5.03 4.92 
1 Gribben 20110326 0.83 6.32 7.24 
1 Hay 20101201 -4.76 NA 4.62 
1 Hay 20110114 -12.37 NA 1.67 
1 Hay 20110330 -3.34 NA 5.17 
1 M. Whitewater 20101229 -6.91 NA 2.57 
1 M. Whitewater 20110218 -4.06 3.95 4.04 
1 M. Whitewater 20110402 -1.75 5.79 5.23 
1 Rush 20110107 -10.96 NA 0.33 
1 Rush 20110211 -14.09 3.16 -1.27 
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Year Stream Sample date 
(yyyymmdd) 
Mean weekly air 
temperature (˚C) 
Mean weekly water 
temperature (˚C) 
Estimated weekly water 
temperature (˚C) 
1 Rush 20110402 -1.04 6.38 5.40 
1 S. Whitewater 20101228 -6.08 NA 3.56 
1 S. Whitewater 20110217 -7.75 NA 2.73 
1 S. Whitewater 20110402 -1.75 NA 5.72 
1 Trout Run 20101208 -8.84 NA 3.70 
1 Trout Run 20110128 -14.64 NA 1.93 
1 Trout Run 20110402 -0.99 NA 6.10 
1 West Indian 20101120 1.29 7.17 6.69 
1 West Indian 20110113 -13.14 0.95 2.00 
1 West Indian 20110304 -10.70 2.30 2.79 
1 Winnebago 20101210 -10.39 NA 3.38 
1 Winnebago 20110203 -6.84 4.76 4.59 
1 Winnebago 20110315 -3.01 6.52 5.90 
2 Badger 20111119 2.43 NA 8.21 
2 Badger 20120127 -10.83 7.39 3.51 
2 Badger 20120315 5.79 8.90 9.40 
2 Cedar Valley 20111217 -3.94 NA 4.13 
2 Cedar Valley 20120128 -7.69 2.81 2.35 
2 Cedar Valley 20120303 -1.33 3.96 5.37 
2 Cold Spring 20120112 -0.25 NA 6.53 
2 Cold Spring 20120127 -11.20 6.68 4.23 
2 Cold Spring 20120314 6.15 8.47 7.88 
2 Gilmore 20120107 -4.34 NA 5.37 
2 Gilmore 20120128 -7.69 4.87 4.20 
2 Gilmore 20120310 0.04 6.44 6.89 
2 Long 20120111 -1.99 NA NA 
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Year Stream Sample date 
(yyyymmdd) 
Mean weekly air 
temperature (˚C) 
Mean weekly water 
temperature (˚C) 
Estimated weekly water 
temperature (˚C) 
2 Long 20120127 -11.20 NA NA 
2 Long 20120316 7.13 NA NA 
2 Money 20120108 -3.14 4.33 NA 
2 Money 20120128 -7.69 1.73 NA 
2 Money 20120309 0.35 4.42 NA 
2 N. Whitewater 20120107 -3.65 NA 4.27 
2 N. Whitewater 20120127 -11.20 NA 0.06 
2 N. Whitewater 20120309 -0.09 NA 6.26 
2 Pickwick 20111216 -4.81 NA 3.50 
2 Pickwick 20120128 -7.69 NA 1.73 
2 Pickwick 20120302 -1.52 NA 5.50 
2 Pine 20111203 0.12 4.86 NA 
2 Pine 20120128 -8.53 3.69 NA 
2 Pine 20120225 -0.99 4.93 NA 
2 Swede Bottom 20111202 2.15 NA 7.32 
2 Swede Bottom 20120128 -8.53 5.26 4.33 
2 Swede Bottom 20120224 -0.96 6.14 6.45 
2 Torkelson 20111119 2.29 5.87 7.07 
2 Torkelson 20120127 -10.71 3.29 2.89 
2 Torkelson 20120224 -1.28 4.88 5.92 
2 Wells 20120113 0.12 NA NA 
2 Wells 20120127 -9.73 NA NA 
2 Wells 20120317 8.96 NA NA 
3 Bee 20121217 -2.90 NA NA 
3 Bee 20130208 -13.49 4.77 NA 
3 Bee 20130325 -8.26 5.91 NA 
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Year Stream Sample date 
(yyyymmdd) 
Mean weekly air 
temperature (˚C) 
Mean weekly water 
temperature (˚C) 
Estimated weekly water 
temperature (˚C) 
3 Big Springs 20121219 -2.54 NA 7.12 
3 Big Springs 20130207 -13.57 1.55 5.15 
3 Big Springs 20130321 -4.73 3.91 6.73 
3 Camp 20121213 -3.65 NA NA 
3 Camp 20130208 -12.54 NA NA 
3 Camp 20130316 -2.47 NA NA 
3 E. Burns Valley 20130109 -10.70 NA NA 
3 E. Burns Valley 20130207 -13.57 NA NA 
3 E. Burns Valley 20130321 -4.73 NA NA 
3 Lost 20121214 -3.89 NA NA 
3 Lost 20130208 -12.54 NA NA 
3 Lost 20130316 -2.47 NA NA 
3 Pleasant Valley 20121207 2.18 NA NA 
3 Pleasant Valley 20130207 -13.57 NA NA 
3 Pleasant Valley 20130307 -4.06 NA NA 
3 South Root 20121214 -3.73 NA 4.75 
3 South Root 20130208 -13.55 NA 0.84 
3 South Root 20130317 -2.06 NA 5.42 
3 Spring 20121212 -3.37 NA NA 
3 Spring 20130207 -14.53 NA NA 
3 Spring 20130308 -7.07 NA NA 
3 Trout Valley 20121207 1.72 NA 6.53 
3 Trout Valley 20130207 -14.53 4.91 2.55 
3 Trout Valley 20130307 -5.41 6.01 4.78 
3 Upper Money 20130108 -12.27 NA NA 
3 Upper Money 20130207 -13.57 NA NA 
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Year Stream Sample date 
(yyyymmdd) 
Mean weekly air 
temperature (˚C) 
Mean weekly water 
temperature (˚C) 
Estimated weekly water 
temperature (˚C) 
3 Upper Money 20130321 -4.73 NA NA 
3 West Albany 20121206 1.58 NA NA 
3 West Albany 20130207 -14.53 NA NA 
3 West Albany 20130306 -4.89 NA NA 
3 West Beaver 20121218 -2.82 NA NA 
3 West Beaver 20130208 -13.49 NA NA 
3 West Beaver 20130320 -5.20 NA NA 
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Figure 2-2. Estimated versus actual mean weekly water temperatures for the 7 days preceding each sample collection. Trend line shows equal 
actual and estimated temperatures.  
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Figure 2-3. Mean weekly air temperature (blue squares) and estimated mean weekly water temperatures for Daley Creek (red circles) and Rush 
Creek (green triangles). Days begin on July 1, 2010 (Day 1) and end on June 30, 2011 (Day 365).  
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Table 2-3. Cumulative degree days above 0°C (maximum at 8°C, and reduced to 0 by 10°C), and cumulative number of days below 10°C in a 
single winter at each of the 23 sites with available air-water temperature regressions. 
Year Site Slope Cumulative degree 
days 
Number of days below 
10C 
1 Beaver 0.443 655 190 
1 Daley 0.204 1210 231 
1 Forestville 0.205 1007 185 
1 Garvin 0.354 861 199 
1 Gribben 0.25 1076 213 
1 Hay 0.388 708 184 
1 M. Whitewater 0.515 551 181 
1 Rush 0.511 595 182 
1 S. Whitewater 0.499 551 176 
1 Trout Run 0.306 973 212 
1 West Indian 0.325 898 211 
1 Winnebago 0.342 876 186 
2 Badger 0.354 799 153 
2 Cedar Valley 0.474 712 157 
2 Cold Spring 0.21 1273 243 
2 Gilmore 0.347 845 166 
2 N. Whitewater 0.557 607 150 
2 Pickwick 0.611 567 132 
2 Swede Bottom 0.28 1033 199 
2 Torkelson 0.322 969 185 
3 Big Springs 0.178 1360 240 
3 South Root 0.398 919 202 
3 Trout Valley 0.245 1314 259 
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Figure 2-4. Total number of days in a single winter with estimated weekly water temperature below 10°C versus air-water temperature 
regression slope.  
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Figure 2-5a. Cumulative number of days over one winter season with estimated mean weekly water temperature below 10°C. Days begin on July 
1, 2010 (Day 1) and end on June 30, 2011 (Day 365).  
Daley 
Rush 
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Figure 2-5b. Cumulative degree days below 10°C for Daley Creek (red) and Rush Creek (blue). Days begin on July 1, 2010 (Day 1) and end on June  
30, 2011 (Day 365).  
Daley 
Rush 
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Figure 2-6. Emergence of D. mendotae versus cumulative degree days below 10°C. Data point colors represent air-water temperature regression 
slope values.  
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Figure 2-7a. Temperature and emergence patterns at 8 sites on January 27 and 28, 2012. Cumulative degree days are plotted against emergence 
abundance of D. mendotae; data point size represents air-water temperature regression slope.  
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Figure 2-7b. SFPE taxa richness versus air-water temperature regression slope. Data were collected on January 27 and 28, 2012 at eight streams. 
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Figure 2-8. Emergence abundance of Diamesa mendotae versus cumulative degree days in months 1 (December), 2 (January), and 3 (February) 
of Year 1 (2010-2011). Data point size represents air-water regression slope.  
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CHAPTER 3 
 
WINTER INVERTEBRATE COMMUNITIES OF GROUNDWATER-FED 
STREAMS IN SOUTHEASTERN MINNESOTA 
 
 
Introduction 
Groundwater-fed streams, which remain ice free in winter and cool in summer, provide 
ideal habitat for brown trout and cold-adapted invertebrates. Chapter 2 identified 
significant variability in thermal regimes and emergence of Chironomidae among 
groundwater-fed streams in southeastern Minnesota; although each stream exhibits some 
thermal buffering, groundwater input patterns vary. Although quantifying winter 
emergence of Chironomidae can provide important ecological information, the addition 
of non-chironomid invertebrate community composition and abundance is essential to a 
complete understanding of winter invertebrate dynamics in groundwater-fed streams. 
Aquatic invertebrates are known to play a major role in brown trout diet and growth, 
especially in winter (Anderson et al. 2016; Cochran-Biederman & Vondracek 2017; 
French et al. 2014; French et al. 2016). 
 
Groundwater is known to affect the abundance of aquatic invertebrate communities. 
Streams with high alkalinity (which often reflects high levels of groundwater input) are 
known to have significantly more invertebrates (Egglishaw 1968) and greater annual 
production (Krueger & Waters 1983) than streams with low alkalinity. Kwak & Waters 
(1997) observed similar patterns in southeastern Minnesota fish populations; fish 
assemblages were abundant, although low in diversity. When considered across a wide 
 91 
 
range of streams, salmonid production was significantly, positively correlated with 
alkalinity levels (Kwak & Waters 1997).  
 
Groundwater-fed streams are generally dominated by few taxa – those that are most 
adapted to the narrow thermal range of the stream (Lyons et al. 2009; Ward 1976). In 
contrast, surface-water fed streams would be expected to have more niche space 
available, due to their thermal heterogeneity, and to contain diverse invertebrate and fish 
assemblages (Lyons 1996; Lyons et al. 2009; Wang et al. 2003; Ward & Stanford 1982).  
 
The goal of this study was to evaluate winter benthic invertebrate assemblages in 
groundwater-fed streams in southeastern Minnesota. More specifically, we identified 
common and abundant invertebrate taxa and identified differences among streams with 
varying amounts of groundwater input. We hypothesized that thermally stable streams, 
with lower air-water regression slopes and greater groundwater influence (Krider et al. 
2013), would support more abundant, albeit less diverse, invertebrates communities. In 
contrast, we expected more invertebrate diversity in thermally variable streams.  
  
Materials and Methods 
Study sites and field methods 
Thirty-six groundwater-fed streams in southeastern Minnesota were assessed. Selected 
sites (one for each stream) were small, wadeable 150-meter stream reaches with known 
brown trout populations (Figure 3-1). Drainage area ranged from 7.2 km2 to 269.4 km2 
and maximum stream width ranged from 2.0 meters to 17.9 meters (French et al. 2016).  
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Twelve sample sites were visited for each of three years, and each site was sampled on 
three occasions. Invertebrate samples were collected from 2010 to 2013.  
 
Invertebrate community abundance and composition was measured by collecting Hess 
samples from riffle habitats. Five Hess samples were collected during each sample event. 
One Hess sample, with surface area of 0.086 m2, was collected from each of the five 
largest riffles within the study reach; if there were fewer than five riffles, the remaining 
Hess samples were randomly assigned among the riffles. Samples were collected for a 
standard 3-minute time period, with the substrate agitated by hand. Collected samples 
were preserved in 70% ethyl alcohol and returned to the laboratory for further analysis. 
Macroinvertebrates were picked and sorted from the samples, with a maximum sort time 
of 4 hours; estimated abundances were proportionally calculated from sub-samples 
(Dumke et al. 2013). Insect taxa were identified to genus, whereas other invertebrates 
were identified to order or family level. 
 
Temperature data and air-water regressions 
Air temperature data were obtained from nearby NOAA weather stations, using methods 
described in Krider et al. (2013). Water temperature data were collected from sample 
reaches using HOBO® temperature loggers. Temperature data were recorded at 15-
minute intervals and averaged to obtain daily minimum, maximum, and mean 
temperatures. In-stream water temperature data were only available 19 of 36 sites; the 
remaining loggers were lost due to adverse weather and flooding. Weekly water 
temperatures were estimated using air-water temperature regressions (as developed by 
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Krider et al. 2013) for 7 sites without logger data, for a total of 26 sites with either actual 
or estimated water temperatures. The remaining 10 sites did not have available 
regressions or in-stream temperature data; these sites were excluded from water 
temperature-based analyses. 
 
Twenty-three of the 36 sites had air-water temperature regressions; slope was used as a 
surrogate for groundwater input (Chapter 2). Lower slopes, which correspond to more 
thermal stability, represent higher volumes of groundwater input. In contrast, sites with 
larger regression slopes have less groundwater input and exhibit more thermal variability.  
 
Statistical analyses 
All statistical analyses were conducted using the program R (version 3.3.0). Mixed 
effects models (package nlme) were used to compare abundance and taxa richness with 
regression slope, site, year, and visit. Regression-based analyses were exclusive to year 1 
and 2 data, due to a lack of sufficient regression data in year 3. Abundance data were 
square root transformed to normalize their distribution.  
 
Simpson’s diversity index was calculated for each stream using the following equation: 
𝑆 = 1 − 𝐷,  
where 
𝐷 = ෍ 𝑝௜మ
௡
௜ୀଵ
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Where; S is Simpson’s diversity index, with potential values ranging from 1 (most 
diverse) to 0 (least diverse). “n” is the total number of species in the community; “pi” is 
the proportional abundance of species i.  
 
Results 
Taxa richness 
Across all streams, a total of 118 taxa were collected, including 109 insect genera and 9 
non-insect taxa (Table 3-1). Insects were collected from 44 families and 7 orders. The 
order Diptera was the most taxonomically diverse, with 65 genera (including 41 
Chironomidae genera), followed by 21 Trichoptera genera. The remaining 23 insect 
genera represented 5 orders: Coleoptera (7 genera), Ephemeroptera (6 genera), Plecoptera 
(6 genera), Hemiptera (2 genera), and Megaloptera (2 genera).  Non-insect taxa included 
snails and amphipods. 
 
Taxa richness at individual sites ranged from 27 (Cold Spring Brook) to 57 (Winnebago 
Creek, South Root, and Upper Money Creek), with a mean of 42 taxa collected per site 
(Table 3-2). Six taxa were collected at all 36 sites: Baetis (Ephemeroptera), Simulium and 
Dicranota (Diptera), Diamesa and Tvetenia (Diptera: Chironomidae), and Brachycentrus 
(Trichoptera). Twenty-four taxa, in contrast, were collected at only a single sample site 
(Table 3-1). Taxa richness (Figure 3-2) was not significantly related to air-water 
regression slope.  
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Invertebrate abundance  
Benthic invertebrate densities ranged from 1854 individuals per m2 (East Burns Valley) 
to 22147 individuals per m2 (West Albany Creek) (Table 3-2). Mean total abundance was 
7573 invertebrates per m2. Total invertebrate abundance (Figure 3-3) was not 
significantly related to air-water regression slope.  
 
The two most abundant genera, Baetis (Ephemeroptera: Baetidae) and Diamesa (Diptera: 
Chironomidae), comprised 29.5% of all collected invertebrates. The next four most 
common genera, Orthocladius (Orthocladius) (Diptera: Chironomidae), Ephemerella 
(Ephemeroptera: Ephemerellidae), Hydropsyche (Trichoptera: Hydropsychidae), and 
Pagastia (Diptera: Chironomidae), comprised a combined 31.9% of invertebrate 
abundance. The next ten most abundant taxa comprised 29.4% of all individuals 
collected. In contrast, all other taxa combined (102 total) were each less than 1% of total 
abundance, and together comprised only 9.3% of total abundance (Table 3-1). 
 
Although common taxa were present at nearly all sites, their abundances varied widely 
from site to site and year to year. Similarly, community composition was variable among 
sites and years. In year 1, Baetis was the most abundant genus in 6 of 12 sites; Diamesa 
was the most abundant in the other 6 sites (Figure 3-4a). In Year 2, Baetis was most 
abundant in only 4 of 12 sites and Diamesa was most abundant in 3 of 12 sites. 
Hydropsyche (3 sites), Ephemerella (1 site), and Pagastia (1 site) were prevalent in the 
remaining five sites (Figure 3-4b). In Year 3, Baetis and Diamesa were prevalent in 5 and 
2 of 12 sites, respectively. Two sites in year 3 exhibited high abundance of common 
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genera: Big Spring Creek (high densities of Diamesa and Orthocladius (Orthocladius)) 
and West Albany (over 10,000 Ephemerella per m2) (Figure 3-4c). 
 
Simpson’s index of diversity 
Values for Simpson’s index of diversity ranged from 0.51 (Cold Spring Brook) to 0.91 
(Winnebago Creek), with a mean diversity of 0.82 (Table 3-3). Diversity was not 
significantly related to the air-water regression slope (F1,21=3.85, p=0.06); however, the 
three lowest Simpson’s Index values were associated with streams with regression slopes 
of 0.21 or below (Cold Spring Book, Daley Creek, and Big Springs Creek; Figure 3-5). 
Diversity did not significantly vary by year (F2,33=0.13, p=0.88). 
 
Daley Creek and Cold Spring Brook, which each had Simpson’s index values below 0.65, 
were dominated (>50%) by Baetis mayflies. The proportion of Baetis at a site was 
significantly negatively related to site community diversity (F1,32=15.14, p<0.001; Figure 
3-6). In contrast, the proportions of other common taxa were not significantly related to 
diversity: Diamesa (F1,32=0.41, p=0.52), Simulium (F1,32=2.91, p=0.10), and 
Brachycentrus (F1,32=0.01, p=0.91). 
 
Discussion 
Taxa richness and Simpson’s diversity 
Benthic invertebrate data indicated that winter invertebrate communities in groundwater-
fed streams in southeastern Minnesota are dominated by few abundant taxa (Table 3-1). 
The dominance of six taxa, when considered in the context of the relatively large 
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taxonomic pool of 118 taxa, indicates that differences in taxa presence/absence among 
sites are largely due to rare, low abundance taxa. Together, the least abundant half of taxa 
comprised only 0.25% of total invertebrates. A number of intermediate taxa tended to be 
found in between one-third and two-thirds of sites, with varying abundance. 
 
Baetis mayflies, which were the most common taxa in winter across all streams, were 
dominant in 15 of 36 streams (42%), and were also common at most other sites. The 
proportion of Baetis at a site was negatively related to Simpson’s diversity, although the 
relationship was heavily based on two points of low diversity. This relationship indicates 
that large populations of Baetis may be outcompeting or using niche space that would 
otherwise be available to other taxa (Figure 3-6). In such sites, the remaining taxa, 
including otherwise common taxa, exhibited low proportions of abundance.  
 
In contrast, when the proportion of Baetis at a site was less than 0.25, Simpson’s diversity 
index values were more variable, although higher than those when Baetis was dominant. 
In these streams, other common taxa, such as Diamesa or Ephemerella, tended to be 
present in equal or greater proportions than Baetis. Sites dominated by other taxa also 
tended to have higher proportions of uncommon taxa, which corresponds to a higher 
diversity index (Figures 3-4a, 3-4b, and 3-4c). This more even distribution among taxa 
may produce a more stable invertebrate community.  
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Groundwater input and total abundance 
Although invertebrate communities were dominated by relatively few taxa as expected 
(Ward 1976), taxa richness was not significantly related to air-water temperature 
regression slope, which functions as a surrogate for groundwater input (Chapter 2). Total 
invertebrate abundance also varied widely, and was not significantly related to regression 
slope (Figure 3-3). We suggest that this lack of relationship may be due to the winter 
limitations of this study, and that evaluating additional benthic communities across a 
wider range of water temperatures may provide a more complete representation of the 
relationship between groundwater input and invertebrate abundance. 
 
Additionally, significant relationships could be obscured by year-to-year changes in 
weather patterns, as well as variation in sampling dates. Interestingly, seasonal changes 
have been previously observed at 6 sites (included in this study) sampled in each of 3 
years (Cochran-Biederman 2015). Repeated sampling at individual sites over multiple 
years at several more sites would be required to further explore this possibility. Because 
neither relationship was significant, we suggest that other factors not measured in this 
study, such as season, substrate composition, discharge, or nutrients, may influence the 
distribution and abundance of specific invertebrate taxa (Ferrington 2007).  
 
Ecological implications 
In southeastern Minnesota, aquatic invertebrates are the primary component of winter 
brown trout diets, when terrestrial food sources may be limited (French et al. 2014). Diet 
sampling found that Gammarus, Brachycentrus, Glossosoma, Chironomidae, and 
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Physella were the most common prey items selected by brown trout at our study sites 
(French et al. 2016). Of these taxa, Chironomidae were very common, and included three 
of the six most abundant taxa. Gammarus and Brachycentrus were somewhat common in 
the benthos, each composing just over 4% of total abundance. In contrast, Physella and 
Glossosoma were less common, representing 0.3% and 2.3% of the benthos, respectively. 
Although other taxa such as Baetis and Ephemerella mayflies were more abundant 
potential prey items, trout may prefer taxa which are larger or more calorically dense, 
such as Physella (Anderson et al. 2016; Cochran-Biederman & Vondracek 2017). 
However, it appears that trout may preferentially select easily accessible and seasonally 
abundant prey, such as chironomids during large emergence events (Chapter 1; Cochran-
Biederman & Vondracek 2017; French et al. 2016). 
 
Conclusions 
In winter, we found a broad species pool of 118 taxa across 36 groundwater-fed streams 
in southeastern Minnesota; however, taxa richness in individual streams was limited. 
Across all streams, 16 taxa comprised 90% of invertebrate abundance, indicating that 
many species in this region have relatively low abundance, and that ecological processes 
may be driven by few taxa. Total invertebrate abundance was not significantly related to 
air-water regression slope. Although thermal buffering from groundwater inputs may 
play an important role in supporting large, stable invertebrate communities, variations 
among streams may be secondary to other variables in limiting invertebrate abundances. 
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Common invertebrate taxa such as Chironomidae, Gammarus, and Brachycentrus were 
abundant in winter brown trout diets, and invertebrates were also commonly found in diet 
samples throughout the year (Cochran-Biederman & Vondracek 2017). Brown trout 
appear to opportunistically feed on large emergence events, especially in late winter 
(Chapter 1; French et al. 2016), confirming the ecological importance of the winter 
invertebrate community. 
 
Climate changes, which may affect both groundwater temperature and volume, may have 
a significant impact on both trout and invertebrate communities. Mitro et al. (2010) 
predict that air temperature increases of 1 °C, 3 °C, and 5 °C would correspond to losses 
of 8%, 33%, and 88% in brown trout distribution. As a consequence, trout populations 
may select smaller stream reaches, increasing competition for prey items. Similarly, 
changes in climate may shift invertebrate community composition, particularly for winter 
active species (Chapter 2). Such potential changes, and their food web impacts on brown 
trout, are an important part of future management and planning to maintain vibrant 
fisheries in southeastern Minnesota.   
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Figure 3-1. Locations of 36 sample sites in southeastern Minnesota, USA.  
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Table 3-1. Invertebrate taxa densities, number of sites where collected, and percent of cumulative abundance. 
Order Family Genus Density/m2 Sites Percent 
Ephemeroptera Baetidae Baetis 1123.67 36 14.84 
Chironomidae Chironomidae Diamesa 1108.26 36 14.63 
Chironomidae Chironomidae Orthocladius (Orthocladius) 746.42 35 9.86 
Ephemeroptera Ephemerellidae Ephemerella 715.40 35 9.45 
Trichoptera Hydropsychidae Hydropsyche 491.12 35 6.48 
Chironomidae Chironomidae Pagastia 463.13 35 6.12 
Other Gammaridae Gammarus 334.17 34 4.41 
Diptera Simulidae Simulium 320.26 36 4.23 
Trichoptera Brachycentridae Brachycentrus 311.19 36 4.11 
Coleoptera Elmidae Optioservus 255.60 35 3.38 
Trichoptera Hydropsychidae Cheumatopsyche 218.88 34 2.89 
Chironomidae Chironomidae Eukiefferiella 214.31 33 2.83 
Trichoptera Glossosomatidae Glossosoma 171.61 28 2.27 
Chironomidae Chironomidae Tvetenia 170.23 36 2.25 
Chironomidae Chironomidae Micropsectra 142.27 30 1.88 
Diptera Tipulidae Antocha 84.66 32 1.12 
Chironomidae Chironomidae Orthocladius (Euorthocladius) 74.83 29 0.99 
Chironomidae Chironomidae Microtendipes 68.00 27 0.90 
Diptera Tipulidae Dicranota 65.69 36 0.87 
Other Oligochaeta sp. 53.37 35 0.70 
Plecoptera Nemouridae Prostoia 48.90 12 0.65 
Plecoptera Perlodidae Isoperla 45.51 29 0.60 
Chironomidae Chironomidae sp. 41.69 22 0.55 
Ephemeroptera Capniidae Allocapnia 26.95 24 0.36 
Chironomidae Chironomidae Parachaetocladius 24.00 20 0.32 
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Order Family Genus Density/m2 Sites Percent 
Other Physidae sp. 23.27 28 0.31 
Chironomidae Chironomidae Parametriocnemus 21.91 27 0.29 
Other Amphipoda sp. 17.94 15 0.24 
Ephemeroptera Heptageniidae Stenonema 16.63 21 0.22 
Chironomidae Chironomidae Conchapelopia 16.42 18 0.22 
Chironomidae Chironomidae Corynoneura 11.33 10 0.15 
Other Turbellaria sp. 11.06 22 0.15 
Other Sphaeridae sp. 10.61 25 0.14 
Trichoptera Leptoceridae Oecetis 9.20 15 0.12 
Trichoptera Uenoidae Neophylax 8.53 15 0.11 
Other Hirudinea sp. 8.48 25 0.11 
Chironomidae Chironomidae Cricotopus 7.99 10 0.11 
Trichoptera Brachycentridae Micrasema 7.91 15 0.10 
Diptera Muscidae sp. 6.27 12 0.08 
Chironomidae Chironomidae Prodiamesa 4.91 12 0.06 
Diptera Tipulidae Tipula 4.74 29 0.06 
Trichoptera Lepidostomatidae Lepidostoma 4.28 14 0.06 
Diptera Ceratopogonidae Probezzia 4.28 22 0.06 
Trichoptera Limnephilidae Hesperophylax 4.22 13 0.06 
Diptera Psychodidae Pericoma 4.11 18 0.05 
Chironomidae Chironomidae Parakiefferiella 3.28 4 0.04 
Chironomidae Chironomidae Brillia 3.11 14 0.04 
Diptera Ceratopogonidae Ceratopogon 2.75 15 0.04 
Diptera Empididae Chelifera 2.57 24 0.03 
Trichoptera Philopotamidae Chimarra 2.30 2 0.03 
Plecoptera Taeniopterygidae Strophopteryx 2.17 4 0.03 
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Order Family Genus Density/m2 Sites Percent 
Plecoptera Nemouridae Amphinemura 1.99 8 0.03 
Chironomidae Chironomidae Cryptochironomus 1.84 4 0.02 
Coleoptera Dryopidae Helichus 1.79 22 0.02 
Diptera Empididae Hemerodromia 1.77 14 0.02 
Diptera Empididae sp. 1.75 13 0.02 
Diptera Tabanidae Chrysops 1.70 20 0.02 
Diptera Empididae Clinocera 1.59 8 0.02 
Chironomidae Chironomidae Rheotanytarsus 1.58 8 0.02 
Diptera Tipulidae Hexatoma 1.36 15 0.02 
Chironomidae Chironomidae Odontomesa 1.27 7 0.02 
Plecoptera Nemouridae Nemoura 1.14 8 0.02 
Diptera Athericidae Atherix 0.97 6 0.01 
Chironomidae Chironomidae Heterotrissocladius 0.84 5 0.01 
Chironomidae Chironomidae Polypedilum 0.80 4 0.01 
Megaloptera Sialidae Sialis 0.79 8 0.01 
Plecoptera Taeniopterygidae Taeniopteryx 0.78 8 0.01 
Chironomidae Chironomidae Dicrotendipes 0.68 5 0.01 
Chironomidae Chironomidae Paralauterborniella 0.65 1 0.01 
Chironomidae Chironomidae Paratendipes 0.65 1 0.01 
Trichoptera Hydroptilidae Hydroptila 0.65 4 0.01 
Hemiptera Belastomatidae Belastoma 0.63 8 0.01 
Coleoptera Elmidae Dubiraphia 0.59 7 0.01 
Diptera Dolichopodidae sp. 0.52 4 0.01 
Other Hydrobiidae sp. 0.46 10 0.01 
Chironomidae Chironomidae Chaetocladius 0.45 4 0.01 
Chironomidae Chironomidae Tanytarsus 0.45 2 0.01 
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Order Family Genus Density/m2 Sites Percent 
Ephemeroptera Leptophlebiidae Leptophlebia 0.37 1 0.00 
Diptera Tipulidae Pilaria 0.36 7 0.00 
Chironomidae Chironomidae Thienemanniella 0.32 3 0.00 
Other Planorbidae sp. 0.30 5 0.00 
Trichoptera Limnephilidae Pseudostenophylax 0.29 5 0.00 
Chironomidae Chironomidae Nanocladius 0.29 3 0.00 
Trichoptera Polycentropodidae Polycentropus 0.28 3 0.00 
Diptera Ceratopogonidae Bezzia 0.24 6 0.00 
Coleoptera Dytiscidae sp. 0.19 3 0.00 
Diptera Tipulidae Prionocera 0.17 4 0.00 
Chironomidae Chironomidae Metriocnemus 0.16 1 0.00 
Chironomidae Chironomidae Orthocladius (Symposiocladius) 0.16 1 0.00 
Chironomidae Chironomidae Paracladopelma 0.16 1 0.00 
Chironomidae Chironomidae Synorthocladius 0.16 1 0.00 
Diptera Stratiomyidae Caloparyphus 0.15 6 0.00 
Trichoptera Limnephilidae Limnephilus 0.13 3 0.00 
Chironomidae Chironomidae Genus near Stictochironomus 0.13 1 0.00 
Chironomidae Chironomidae Stictochironomus 0.13 2 0.00 
Diptera Phoridae sp. 0.13 3 0.00 
Trichoptera Hydroptilidae sp. 0.09 2 0.00 
Coleoptera Dytiscidae Liodessus 0.09 3 0.00 
Chironomidae Chironomidae Apsectrotanypus 0.08 1 0.00 
Chironomidae Chironomidae Hydrobaenis 0.06 1 0.00 
Chironomidae Chironomidae Pheocricotopus 0.06 1 0.00 
Chironomidae Chironomidae Potthastia 0.06 1 0.00 
Chironomidae Chironomidae Psilometriocnemus 0.06 1 0.00 
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Order Family Genus Density/m2 Sites Percent 
Chironomidae Chironomidae Zalutschia 0.06 1 0.00 
Ephemeroptera Ephemeridae Ephemera 0.06 1 0.00 
Megaloptera Corydalidae Nigronia 0.06 1 0.00 
Coleoptera Haliplidae Peltodytes 0.06 2 0.00 
Trichoptera Rhyacophilidae Rhyacophila 0.06 2 0.00 
Diptera Ptychopterygidae Ptychoptera 0.04 2 0.00 
Diptera Tipulidae Hesperoconopa 0.04 2 0.00 
Trichoptera Brachycentridae sp. 0.04 1 0.00 
Trichoptera Polycentropodidae Paranyctiophylax 0.03 1 0.00 
Coleoptera Hydrophilidae Tropisternus 0.02 1 0.00 
Diptera Tabanidae Merycomyia 0.02 1 0.00 
Hemiptera Corixidae Hesperocorixa 0.02 1 0.00 
Trichoptera Limnephilidae sp. 0.02 1 0.00 
Trichoptera Psychomyiidae Psychomyia 0.02 1 0.00 
Trichoptera Taeniopterygidae Taeniopteryx 0.02 1 0.00 
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Table 3-2. Sample streams and years, total number of taxa collected, mean total abundance, and air-water temperature regression slope. NA 
values indicate no data are available. 
Stream Year Taxa Abundance Slope 
Beaver 1 44 9798.1 0.443 
Daley 1 38 8824.2 0.204 
Forestville 1 31 6565.1 0.205 
Garvin 1 38 5479.5 0.354 
Gribben 1 46 5801.9 0.25 
Hay 1 34 8978.9 0.388 
M. Whitewater 1 32 11939.5 0.515 
Rush 1 40 2604.7 0.511 
S. Whitewater 1 36 3714.7 0.499 
Trout Run 1 38 6047.6 0.306 
West Indian 1 46 6024.8 0.325 
Winnebago 1 57 9592.9 0.342 
Badger 2 32 3070.5 0.354 
Cedar Valley 2 46 10167.0 0.474 
Cold Spring 2 27 4581.0 0.21 
Gilmore 2 47 4810.5 0.347 
Long 2 30 9589.7 NA 
Money 2 42 12239.9 NA 
Stream Year Taxa Abundance Slope 
N. Whitewater 2 37 7064.3 0.557 
Pickwick 2 41 7337.3 0.611 
Pine 2 38 9232.9 NA 
Swede Bottom 2 43 3702.3 0.28 
Torkelson 2 49 8129.5 0.322 
Wells 2 34 6446.7 NA 
Bee 3 49 3640.3 NA 
Big Springs 3 42 18608.1 0.178 
Camp 3 42 7297.3 NA 
E. Burns Valley 3 39 1854.3 NA 
Lost 3 53 8675.2 NA 
Pleasant Valley 3 44 4591.7 NA 
South Root 3 57 11631.8 0.398 
Spring 3 34 3584.5 NA 
Trout Valley 3 39 4030.2 0.245 
Upper Money 3 57 5179.5 NA 
West Albany 3 46 22147.3 NA 
West Beaver 3 53 9655.0 NA 
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Figure 3-2. Taxa richness versus air-water temperature regression slope for Years 1 (left) and 2 (right). Point shape indicates the visit during 
which the sample was collected (1=early winter, 2=mid-winter, 3=later winter). 
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Figure 3-3. Total invertebrate abundance versus air-water temperature regression slope for Years 1 (left) and 2 (right). Point shape indicates the 
visit during which the sample was collected (1=early winter, 2=mid-winter, 3=later winter). 
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Figure 3-4a. Mean abundance of 6 overall most common taxa by stream for Year 1. Genus “Other” represents the cumulative abundance of all 
remaining taxa. 
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Figure 3-4b. Mean abundance of 6 overall most common taxa by stream for Year 2. Genus “Other” represents the cumulative abundance of all 
remaining taxa. 
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Figure 3-4c. Mean abundance of 6 overall most common taxa by stream for Year 3. Genus “Other” represents the cumulative abundance of all 
remaining taxa 
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Table 3-3. Sample sites, year visited, Simpson index of diversity, density and percentage of total abundance for Baetis (Ephemeroptera: 
Baetidae), Diamesa (Diptera: Chironomidae), Simulium (Diptera: Simulidae), and Brachycentrus (Trichoptera: Brachycentridae). 
Stream Year Simpson 
diversity Baetis 
Percent 
Baetis Diamesa 
Percent 
Diamesa Simulium 
Percent 
Simulium Brachycentrus 
Percent 
Brachycentrus 
Beaver 1 0.75 649.42 0.07 4166.28 0.43 12.40 0.00 121.22 0.01 
Daley 1 0.64 4620.54 0.52 348.84 0.04 84.11 0.01 4.07 0.00 
Forestville 1 0.83 744.96 0.11 69.77 0.01 448.06 0.07 1455.81 0.22 
Garvin 1 0.85 1431.78 0.26 1210.47 0.22 19.38 0.00 518.60 0.09 
Gribben 1 0.84 1677.39 0.29 83.72 0.01 72.43 0.01 1194.94 0.21 
Hay 1 0.85 2512.40 0.28 1054.07 0.12 110.85 0.01 29.46 0.00 
M. 
Whitewater 
1 
0.78 2967.44 0.25 3755.81 0.31 300.19 0.03 9.50 0.00 
Rush 1 0.80 844.96 0.32 100.00 0.04 49.61 0.02 72.87 0.03 
S. 
Whitewater 
1 
0.82 166.67 0.04 1262.79 0.34 1.55 0.00 378.29 0.10 
Trout Run 1 0.85 721.39 0.12 1730.23 0.29 92.42 0.02 235.69 0.04 
West 
Indian 
1 
0.78 418.60 0.07 2208.14 0.37 124.03 0.02 48.84 0.01 
Winnebago 1 0.91 1960.59 0.20 885.01 0.09 20.28 0.00 234.27 0.02 
Badger 2 0.84 527.78 0.17 20.16 0.01 502.45 0.16 244.38 0.08 
Cedar 
Valley 
2 
0.90 758.19 0.07 953.45 0.09 283.72 0.03 107.09 0.01 
Cold Spring 2 0.51 3085.08 0.67 244.77 0.05 27.13 0.01 29.07 0.01 
Gilmore 2 0.90 1098.77 0.23 205.62 0.04 86.89 0.02 283.72 0.06 
Long 2 0.79 889.99 0.09 32.56 0.00 833.98 0.09 124.68 0.01 
Money 2 0.88 483.40 0.04 1552.91 0.13 1168.15 0.10 498.51 0.04 
N. 
Whitewater 
2 
0.86 172.09 0.02 1126.36 0.16 5.43 0.00 2020.16 0.29 
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Stream Year Simpson 
diversity Baetis 
Percent 
Baetis Diamesa 
Percent 
Diamesa Simulium 
Percent 
Simulium Brachycentrus 
Percent 
Brachycentrus 
Pickwick 2 0.88 708.20 0.10 1135.98 0.15 1055.43 0.14 161.18 0.02 
Pine 2 0.85 802.58 0.09 2761.05 0.30 266.09 0.03 37.60 0.00 
Swede 
Bottom 
2 
0.89 519.64 0.14 15.50 0.00 80.36 0.02 350.90 0.09 
Torkelson 2 0.83 393.80 0.05 2717.44 0.33 42.64 0.01 96.90 0.01 
Wells 2 0.76 1043.60 0.16 358.72 0.06 13.18 0.00 101.36 0.02 
Bee 3 0.70 586.82 0.16 360.47 0.10 118.60 0.03 1858.14 0.51 
Big Springs 3 0.71 532.56 0.03 7215.12 0.39 82.17 0.00 129.46 0.01 
Camp 3 0.77 312.40 0.04 1860.47 0.25 151.16 0.02 52.71 0.01 
E. Burns 
Valley 
3 
0.89 103.10 0.06 60.47 0.03 9.30 0.01 145.74 0.08 
Lost 3 0.87 1873.64 0.22 470.93 0.05 1310.08 0.15 17.83 0.00 
Pleasant 
Valley 
3 
0.84 201.73 0.04 16.28 0.00 8.53 0.00 48.24 0.01 
South Root 3 0.88 1480.62 0.13 216.28 0.02 2230.23 0.19 35.66 0.00 
Spring 3 0.79 509.30 0.14 58.14 0.02 39.53 0.01 30.23 0.01 
Trout 
Valley 
3 
0.85 777.52 0.19 281.40 0.07 152.71 0.04 33.33 0.01 
Upper 
Money 
3 
0.90 53.49 0.01 430.23 0.08 166.67 0.03 298.45 0.06 
West 
Albany 
3 
0.67 3478.29 0.16 327.91 0.01 772.09 0.03 48.06 0.00 
West 
Beaver 
3 
0.91 1343.41 0.14 600.00 0.06 787.60 0.08 145.74 0.02 
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Figure 3-5. Simpson’s diversity index versis air-water temperature regression slope (F1,22=3.86, p=0.06). 
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Figure 3-6. Simpson’s diversity index versus proportion of Baetis in sample, by site (F1,32=15.14, p<0.001). 
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CHAPTER 4 
 
DESCRIPTION OF WINTER BENTHIC CHIRONOMID (DIPTERA) 
COMMUNITIES IN GROUNDWATER-FED STREAMS OF SOUTHEASTERN 
MINNESOTA 
 
Introduction 
Chironomidae (Insecta: Diptera) are the most widespread of aquatic insect families, 
which are found across a wide range of latitudes, elevations, and temperatures 
(Ferrington 2008). At the subfamily level distinctive patterns of thermal preference are 
known, with Diamesinae characteristically preferring cold water (Bouchard & Ferrington 
2008). Species of Diamesinae can predominate in some of the coldest thermal regimes, 
such as glacial melt streams and arctic and alpine lakes (Lencioni 2004; Willassen & 
Cranston 1986). Adaptations to low temperatures allow species such as Diamesa 
cheimatophila, Diamesa incallida, and Diamesa mendotae to be productive and multi-
voltine in at least some of these cold environments, indicating that they are ecologically 
and evolutionarily specialized to such conditions (Ferrington et al. 2010; Ferrington & 
Masteller 2016; Nolte & Hoffman 1992). 
 
Groundwater-fed streams in southeastern Minnesota, which remain ice free in winter and 
cool in summer, provide ideal habitat for cold-adapted chironomids. These streams are 
located in the Driftless Area Ecoregion, which is characterized by Karst geology 
(Omernik & Gallant 1988). The carbonate-sandstone landscape allows significant 
groundwater flow, and features such as springs, sinkholes, and caves are common to the 
area (Petersen & Vondracek 2006; Williams & Vondracek 2010). In general, 
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groundwater is thermally buffered from seasonal and diel temperature fluctuations 
(Luhmann et al. 2011); consequently, groundwater-fed streams tend to be thermally 
stable in comparison to surface water-fed streams (Bouchard 2007a; Pilgrim et al. 1998). 
 
Chapter 1 indicated significant winter emergence of chironomids, especially the genus 
Diamesa. Diamesa mendotae Muttkowski (Diptera: Chironomidae) is a winter-active 
chironomid species that only grows, develops, and emerges during winter (Bouchard & 
Ferrington 2009). In southeastern Minnesota streams, groundwater inputs allow D. 
mendotae to complete their life cycle in as little as 60 days (Bouchard & Ferrington 
2009). Multiple bursts of asynchronous emergence in winter have been observed in these 
streams, indicating that the species is multi-voltine and completes multiple generations in 
a single winter (Chapter 2; Ferrington et al. 2010; Ferrington & Masteller 2016). As a 
consequence, annual invertebrate production, and specifically winter biomass available 
for trout to eat, may be higher than otherwise anticipated. 
 
Chironomids comprise a large portion of the winter invertebrate community (Chapter 3), 
and are known to play a major role in brown trout diet and growth (Anderson et al. 2016; 
French et al. 2014; French et al. 2016). Brown trout are known to feed on aquatic 
invertebrates, especially in the winter, and opportunistically feed on adults during large 
emergence events (Anderson et al. 2016; Cochran-Biederman & Vondracek 2017; French 
et al. 2016).  
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Observations of year-round chironomid emergence from a single stream in southeastern 
Minnesota identified 54 genera, with varying thermal preferences for emergence timing 
(Bouchard & Ferrington 2008). The genus Diamesa and subfamily Orthocladiinae 
emerged and were prevalent at the lowest water temperatures. In contrast, Chironomidae 
and Tanypodinae more commonly emerged at warmer temperatures (Bouchard & 
Ferrington 2008).  
 
This chapter describes the winter-emerging chironomid component of the benthic 
community in 36 groundwater-fed streams in southeastern Minnesota. We predicted that 
genera in the subfamilies Orthocladiinae and Diamesinae, including the cold-stenotherm 
genus Diamesa, would be common. 
 
Methods 
Thirty-six groundwater-fed streams in southeastern Minnesota were assessed. Selected 
sites (one for each stream) were small, wadeable 150-meter stream reaches (Figure 4-1). 
Twelve sample sites were visited during each of three years, and each site was sampled 
on three occasions. Invertebrate samples were collected from 2010 to 2013.  
 
Chironomid community abundance and composition was measured by collecting Hess 
samples from riffle habitats. One Hess sample, with surface area of 0.086 m2, was 
collected from each of the five largest riffles within the study reach; if there were fewer 
than five riffles, Hess samples were randomly assigned among the riffles for a total of 
five samples per reach. Samples were collected for a standard 3-minute time period, with 
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the substrate agitated by hand. Samples were preserved in 70% ethyl alcohol and returned 
to the laboratory for further analysis as described in Chapter 3. Replicates were combined 
after identification was completed. Chironomidae were identified to genus; adults were 
not counted but used to confirm identifications. 
 
Results 
Taxa richness 
Across all streams, a total of 41 Chironomid genera were collected, comprising 5 
subfamilies (Table 4-1). The subfamily Orthocladiinae was most diverse, comprising 22 
genera, followed by 12 genera of Chironominae. The remaining genera were distributed 
among Diamesinae (3 genera), Prodiamesinae (2 genera), and Tanypodinae (1 genera). 
 
A mean of 13 genera was collected per site, with cumulative generic richness ranging 
from 6 (Cold Spring Brook) to 22 (Winnebago Creek) (Table 4-2). Only two genera were 
collected at all 36 sites: Diamesa (Diamesinae) and Tvetenia (Orthocladiinae). Two 
additional genera (Orthocladius (Orthocladius) and Pagastia) were collected at 35 of 36 
sites. In total, 9 of 41 genera were found at 75% or more of sites. In contrast, 23 of 41 
genera were collected at 5 or fewer sample sites (Table 4-1). 
 
Benthic chironomid taxa richness per sample event ranged from 2 to 19 genera, whereas 
surface-floating pupal exuviae (SFPE; Chapter 1) taxa richness on the same sample 
events ranged from 0 to 15 genera (Table 4-3). For the majority of visits, benthic richness 
was higher than the corresponding SFPE richness (Figure 4-2). 
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Invertebrate abundance 
Benthic chironomid densities ranged from 181 individuals per m2 (Pleasant Valley 
Creek) to 15,343 individuals per m2 (Big Springs Creek) (Table 4-2). Mean chironomid 
abundance across all sample dates and years was 3,133 individuals per m2.  Diamesa was 
the most abundant of all chironomid genera, comprising 35.4% of total chironomid 
abundance. The next two most abundant genera, Orthocladius (Orthocladius) and 
Pagastia, comprised a combined 38.6% of chironomids. Five additional genera each 
comprised between 1% and 7% of chironomid abundance: Eukiefferiella, Tvetenia, 
Micropsectra, Orthocladius (Euorthocladius), and Microtendipes. The remaining 32 
genera collectively comprised 3.3% of chironomid abundance (Table 4-1). 
 
Chironomid abundances varied site-to-site and year-to-year. In year 1, Diamesa was the 
most abundant chironomid genus in 7 of 12 sites; Orthocladius (Othocladius) (3 sites) 
and Pagastia (2 sites) were the other dominant genera (Figure 4-3a). Similarly, in year 2, 
Diamesa was most abundant at 7 of 12 sites (Figure 4-3b). In year 3, Diamesa was most 
abundant at 5 sites (Figure 4-3c). Generic abundances also varied by sample event in 
Year 1 (Figures 4-4a to 4-4l) and Year 2 (Figures 4-5a to 4-5l), where data from multiple 
visits were available (Table 4-3).  
 
Discussion 
Methodology 
The 41 chironomid genera collected in winter across 36 streams were fewer than the 54 
emerging genera collected with bi-weekly sampling for over one year from a single 
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stream in the same area (Bouchard & Ferrington 2008). This disparity likely reflects the 
differences in methods and seasons of collection between the two studies. This study was 
limited to winter months (primarily November through March). Because many species of 
chironomids only emerge in summer, and primarily at warmer water temperatures, 
individuals of these taxa may be in diapause, or present only as egg or early instar stages 
in winter, where they may not be detected. Additionally, this study utilized benthic Hess 
samples, which are collected from small areas (0.086 m2) in riffle habitat. As a 
consequence, chironomid genera with preference for sandier or softer substrates, such as 
those found in pools, may be underrepresented in Hess samples. However, because SFPE 
samples collect exuviae from the surface of the water where they collect, SFPE are 
representative of species occurring within microhabitats of an entire stream reach, rather 
than a specific habitat (Kranzfelder et al. 2013). 
 
Comparison with individual streams 
The results of this study corroborate previously observed patterns in individual streams. 
Year-round chironomid emergence data are also available from a small woodland stream 
in Pennsylvania (Coffman 1973). Similar to Bouchard & Ferrington (2008), Coffman 
found that hibernal emergence was taxonomically dominated by Orthocladiinae and 
Diamesinae. Across all samples, Orthocladiinae comprised over half of all species 
collected, with notable emergence peaks in May and September (Coffman 1973). In this 
study, Orthocladiinae was the most diverse sub-family. The presence of both early and 
late instars (J.E. Mazack, personal observation), reflects limited winter emergence 
(Chapter 1) as well as the development of diverse spring-emerging taxa (Bouchard & 
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Ferrington 2008; Coffman 1973). The relatively high abundance of benthic Diamesa, 
including late instars (J.E. Mazack, personal observation), reflects active hibernal growth 
and emergence (Chapters 1 and 2). These results match those of Coffman (1973), where 
emergence of Diamesinae was only observed between November and May, and the 
remaining emergence was from limited species of Orthocladiinae. 
 
Comparison with springs 
At the community level, the actively growing and emerging taxa present in southeastern 
Minnesota trout streams during winter resemble the pattern of emergence composition 
observed for higher-elevation springs and spring runs in North America. Ferrington 
(1998), in an analysis of 32 springs, found that the chironomid community compositions 
of spring-fed stretches of stream (especially in early spring) were similar to those of high 
alpine springs. Both of these habitats were characterized by the presence of the genera 
Diamesa and Pagastia, which were two of the three most abundant genera in this study. 
Additionally, the subfamily Orthocladiinae was diverse across all 32 sites, comprising 42 
of 104 collected genera (Ferrington 1998). Similarly, Orthocladiinae was the most 
diverse subfamily in this study (23 of 41 genera). The higher number of total genera 
collected by Ferrington (1998) reflects the diversity of springs which were sampled 
across six states. The lower diversity in this study indicates that our sites, which are 
located within a relatively small geographic area, would likely fall within a single sub-
grouping of sites as did the spring-fed streams in Ferrington (1998).  
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Lindegaard (1995) and Lencioni et al. (2011) also observed Orthocladiinae and 
Diamesinae associated with coldwater springs in Europe, particularly high mountain 
brooks and glacial brooks. Lindegaard (1995) classified many species in these 
subfamilies as crenophilous, or having maximum density in springs, but also persisting in 
downstream habitats. Because springs are “formed where ground waters emerge to 
surface water” (Lindegaard 1995), they are characterized by summer-cold, winter-warm 
constant temperatures. Similarly, groundwater inputs to the larger discharge trout streams 
in this study shift the hibernal and vernal chironomid community structures to those 
expected in a spring source habitat. 
 
Conclusions 
A total of 41 hibernal benthic chironomid genera were collected from trout streams in 
southeastern Minnesota. The community was dominated by Orthocladiinae (comprising 
23 of 41 genera) and Diamesinae (with the genus Diamesa comprising 35.4% of total 
chironomid abundance). This composition resembles the fauna known for springs 
elsewhere in North American (Ferrington 1998) and Europe (Lindegaard 1995). These 
similarities suggest that winter-warm, summer-cold temperatures are a strong determinant 
of chironomid community structure in groundwater-fed trout streams. 
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Figure 4-1. Locations of 36 sample sites in southeastern Minnesota, USA. 
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Table 4-1. Chironomid taxa densities, number of sites where collected, and percent of cumulative chironomid abundance. 
Genus Subfamily Density/m2 Sites Percent 
Diamesa Diamesinae 1108.26 36 35.37 
Orthocladius (Orthocladius) Orthocladiinae 746.42 35 23.82 
Pagastia Diamesinae 463.13 35 14.78 
Eukiefferiella Orthocladiinae 214.31 33 6.84 
Tvetenia Orthocladiinae 170.23 36 5.43 
Micropsectra Chironominae 142.27 30 4.54 
Orthocladius (Euorthocladius) Orthocladiinae 74.83 29 2.39 
Microtendipes Chironominae 68.00 27 2.17 
sp. Unknown 41.69 22 1.33 
Parachaetocladius Orthocladiinae 24.00 20 0.77 
Parametriocnemus Orthocladiinae 21.91 27 0.70 
Conchapelopia Tanypodinae 16.42 18 0.52 
Corynoneura Orthocladiinae 11.33 10 0.36 
Cricotopus Orthocladiinae 7.99 10 0.26 
Prodiamesa Prodiamesinae 4.91 12 0.16 
Parakiefferiella Orthocladiinae 3.28 4 0.10 
Brillia Orthocladiinae 3.11 14 0.10 
Cryptochironomus Chironominae 1.84 4 0.06 
Rheotanytarsus Chironominae 1.58 8 0.05 
Odontomesa Prodiamesinae 1.27 7 0.04 
Heterotrissocladius Orthocladiinae 0.84 5 0.03 
Polypedilum Chironominae 0.80 4 0.03 
Dicrotendipes Chironominae 0.68 5 0.02 
Paralauterborniella Chironominae 0.65 1 0.02 
Paratendipes Chironominae 0.65 1 0.02 
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Genus Subfamily Density/m2 Sites Percent 
Tanytarsus Chironominae 0.45 2 0.01 
Chaetocladius Orthocladiinae 0.45 4 0.01 
Thienemanniella Orthocladiinae 0.32 3 0.01 
Nanocladius Orthocladiinae 0.29 3 0.01 
Paracladopelma Chironominae 0.16 1 0.01 
Metriocnemus Orthocladiinae 0.16 1 0.01 
Orthocladius (Symposiocladius) Orthocladiinae 0.16 1 0.01 
Synorthocladius Orthocladiinae 0.16 1 0.01 
Genus near Stictochironomus Chironominae 0.13 1 0.00 
Stictochironomus Chironominae 0.13 2 0.00 
Apsectrotanypus Orthocladiinae 0.08 1 0.00 
Potthastia Diamesinae 0.06 1 0.00 
Hydrobaenis Orthocladiinae 0.06 1 0.00 
Pheocricotopus Orthocladiinae 0.06 1 0.00 
Psilometriocnemus Orthocladiinae 0.06 1 0.00 
Zalutschia Orthocladiinae 0.06 1 0.00 
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Table 4-2. Sample streams and years, total number of chironomid taxa collected, and mean total abundance. 
Stream Year Taxa Abundance 
Beaver 1 16 7522.9 
Daley 1 17 3608.1 
Forestville 1 7 218.6 
Garvin 1 11 1759.3 
Gribben 1 14 580.0 
Hay 1 12 4830.8 
M. Whitewater 1 14 8088.4 
Rush 1 20 1346.5 
S. Whitewater 1 14 2260.5 
Trout Run 1 15 4255.8 
West Indian 1 17 4776.7 
Winnebago 1 22 3933.5 
Badger 2 8 348.3 
Cedar Valley 2 15 3513.9 
Cold Spring 2 6 325.0 
Gilmore 2 13 1368.2 
Long 2 14 6547.3 
Money 2 13 5121.5 
Stream Year Taxa Abundance 
N. Whitewater 2 10 3159.7 
Pickwick 2 8 2478.0 
Pine 2 14 4141.3 
Swede Bottom 2 10 227.1 
Torkelson 2 16 6541.9 
Wells 2 10 955.2 
Bee 3 14 688.4 
Big Springs 3 7 15343.0 
Camp 3 8 3075.6 
E. Burns Valley 3 11 446.5 
Lost 3 15 4058.1 
Pleasant Valley 3 8 181.4 
South Root 3 14 2623.3 
Spring 3 9 683.7 
Trout Valley 3 12 669.8 
Upper Money 3 17 2773.3 
West Albany 3 13 1269.8 
West Beaver 3 14 3074.4 
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Table 4-3. Streams and sample dates (yyyyddmm), benthic abundance and taxa richness, and SFPE abundance and taxa richness.  
Stream Year Sample Date Benthic 
abundance 
Benthic 
richness 
SFPE 
abundance 
SFPE taxa 
richness 
Beaver 1 20101112 1846.51 9 5 2 
Beaver 1 20110111 1470.93 8 36 2 
Beaver 1 20110316 4205.43 12 305 10 
Daley 1 20110106 2216.28 9 11 2 
Daley 1 20110205 1284.88 11 91 3 
Daley 1 20110326 106.98 10 38 11 
Forestville 1 20101209 20.93 3 1 1 
Forestville 1 20110127 123.26 5 1 1 
Forestville 1 20110401 74.42 7 3 2 
Garvin 1 20101205 927.91 7 22 1 
Garvin 1 20110112 127.91 5 16 1 
Garvin 1 20110303 703.49 8 152 3 
Gribben 1 20101217 160.47 11 7 1 
Gribben 1 20110204 109.30 5 2 2 
Gribben 1 20110326 310.22 8 192 13 
Hay 1 20101201 1734.88 10 1 1 
Hay 1 20110114 3095.93 10 2 1 
M. Whitewater 1 20101229 6588.37 12 10 1 
M. Whitewater 1 20110402 1500.00 9 392 15 
Rush 1 20110107 120.93 12 0 0 
Rush 1 20110211 318.60 14 0 0 
Rush 1 20110402 906.98 13 39 14 
S. Whitewater 1 20101228 2260.47 14 4 2 
Trout Run 1 20101208 1732.56 9 23 1 
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Stream Year Sample Date Benthic 
abundance 
Benthic 
richness 
SFPE 
abundance 
SFPE taxa 
richness 
Trout Run 1 20110402 2523.26 13 460 15 
West Indian 1 20101120 1230.23 15 38 8 
West Indian 1 20110113 639.53 8 36 1 
West Indian 1 20110304 2906.98 5 65 4 
Winnebago 1 20101210 1437.21 11 1 1 
Winnebago 1 20110203 1209.30 12 0 0 
Winnebago 1 20110315 1287.03 19 154 8 
Badger 2 20111119 106.98 6 30 8 
Badger 2 20120127 113.37 6 4 3 
Badger 2 20120315 127.91 6 19 6 
Cedar Valley 2 20111217 1674.42 16 72 2 
Cedar Valley 2 20120128 897.60 12 103 4 
Cedar Valley 2 20120303 941.86 8 7 3 
Cold Spring 2 20120112 194.77 6 1 1 
Cold Spring 2 20120127 72.09 4 9 2 
Cold Spring 2 20120314 58.14 4 26 8 
Gilmore 2 20120107 325.58 6 54 3 
Gilmore 2 20120128 187.98 7 50 3 
Gilmore 2 20120310 854.65 11 41 9 
Long 2 20120111 4296.51 7 25 3 
Long 2 20120127 1082.17 9 35 8 
Long 2 20120316 1168.60 10 501 14 
Money 2 20120108 2424.42 10 44 4 
Money 2 20120128 1734.88 10 3 2 
Money 2 20120309 962.21 11 16 5 
N. Whitewater 2 20120107 1496.12 9 229 4 
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Stream Year Sample Date Benthic 
abundance 
Benthic 
richness 
SFPE 
abundance 
SFPE taxa 
richness 
N. Whitewater 2 20120127 353.49 8 142 6 
N. Whitewater 2 20120309 1310.08 8 6 4 
Pickwick 2 20111216 1459.30 5 289 2 
Pickwick 2 20120128 594.96 6 165 7 
Pickwick 2 20120302 423.77 6 35 8 
Pine 2 20111203 806.98 13 108 5 
Pine 2 20120128 2404.07 9 54 4 
Pine 2 20120225 930.23 7 33 5 
Swede Bottom 2 20111202 79.07 6 3 2 
Swede Bottom 2 20120128 16.28 2 0 0 
Swede Bottom 2 20120224 131.78 9 10 5 
Torkelson 2 20111119 2145.35 17 11 5 
Torkelson 2 20120127 2937.21 12 140 4 
Torkelson 2 20120224 1459.30 9 76 6 
Wells 2 20120113 622.09 8 2 1 
Wells 2 20120127 272.09 8 5 2 
Wells 2 20120317 61.05 4 233 9 
Bee 3 20130208 688.37 14 11 2 
Big Springs 3 20130207 15343.02 7 38 3 
Camp 3 20130208 3075.58 8 102 5 
E. Burns Valley 3 20130207 446.51 11 0 0 
Lost 3 20130208 4058.14 15 96 6 
Pleasant Valley 3 20130207 181.40 8 10 1 
South Root 3 20130208 2623.26 19 67 4 
Spring 3 20130207 683.72 9 0 0 
Trout Valley 3 20130207 669.77 12 12 1 
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Stream Year Sample Date Benthic 
abundance 
Benthic 
richness 
SFPE 
abundance 
SFPE taxa 
richness 
Upper Money 3 20130207 2773.26 17 68 4 
West Albany 3 20130207 1269.77 13 22 1 
West Beaver 3 20130208 3074.42 14 18 1 
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Figure 4-2. Benthic chironomid taxa richness versus SFPE taxa richness on a visit-by-visit basis. Point size indicates number of occurrences. Line 
intersects points with equal benthic and SFPE richness. 
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Figure 4-3a. Mean abundance of 6 overall most common chironomid genera by stream for Year 1. Genus “Other” represents the cumulative 
abundance of all remaining taxa. 
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Figure 4-3b. Mean abundance of 6 overall most common chironomid genera by stream for Year 2. Genus “Other” represents the cumulative 
abundance of all remaining taxa. 
 138 
 
 
Figure 4-3c. Mean abundance of 6 overall most common chironomid genera by stream for Year 3. Genus “Other” represents the cumulative 
abundance of all remaining taxa. 
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Figure 4-4a. Mean benthic chironomid densities at Beaver Creek. Visit 1 occurred on 12 November 2010, visit 2 occurred on 11 January 2011, 
and visit 3 occurred on 16 March 2011. 
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Figure 4-4b. Mean benthic chironomid densities at Daley Creek. Visit 1 occurred on 6 January 2011, visit 2 occurred on 5 February 2011, and visit 
3 occurred on 26 March 2011. 
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Figure 4-4c. Mean benthic chironomid densities at Forestville Creek. Visit 1 occurred on 9 December 2010, visit 2 occurred on 27 January 2011, 
and visit 3 occurred on 1 April 2011. 
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Figure 4-4d. Mean benthic chironomid densities at Garvin Brook. Visit 1 occurred on 5 December 2010, visit 2 occurred on 12 January 2011, and 
visit 3 occurred on 3 March 2011. 
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Figure 4-4e. Mean benthic chironomid densities at Gribben Creek. Visit 1 occurred on 17 December 2010, visit 2 occurred on 4 February 2011, 
and visit 3 occurred on 26 March 2011. 
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Figure 4-4f. Mean benthic chironomid densities at Hay Creek. Visit 1 occurred on 1 December 2010, visit 2 occurred on 14 January 2011, and visit 
3 occurred on 30 March 2011. 
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Figure 4-4g. Mean benthic chironomid densities at the Middle branch of the Whitewater River. Visit 1 occurred on 29 December 2010 and visit 3 
occurred on 02 April 2011. 
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Figure 4-4h. Mean benthic chironomid densities at Rush Creek. Visit 1 occurred on 7 January 2011, visit 2 occurred on 11 February 2011, and visit 
3 occurred on 02 April 2011. 
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Figure 4-4i. Mean benthic chironomid densities at the South branch of the Whitewater River. Visit 1 occurred on 28 December 2010. 
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Figure 4-4j. Mean benthic chironomid densities at Trout Run. Visit 1 occurred 8 December 2010 and visit 3 occurred on 02 April 2011. 
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Figure 4-4k. Mean benthic chironomid densities at West Indian Creek. Visit 1 occurred on 20 November 2010, visit 2 occurred on 13 January 
2011, and visit 3 occurred on 4 March 2011. 
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Figure 4-4l. Mean benthic chironomid densities at Winnebago Creek. Visit 1 occurred on 10 December 2010, visit 2 occurred on 3 February 2011, 
and visit 3 occurred on 15 March 2011. 
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Figure 4-5a. Mean benthic chironomid densities at Badger Creek. Visit 1 occurred on 19 November 2011, visit 2 occurred on 27 January 2012, 
and visit 3 occurred on 15 March 2012. 
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Figure 4-5b. Mean benthic chironomid densities at Cedar Valley Creek. Visit 1 occurred on 17 December 2011, visit 2 occurred on 28 January 
2012, and visit 3 occurred on 3 March 2012. 
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Figure 4-5c. Mean benthic chironomid densities at Cold Spring Brook. Visit 1 occurred on 12 January 2012, visit 2 occurred on 27 January 2012, 
and visit 3 occurred on 14 March 2012. 
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Figure 4-5d. Mean benthic chironomid densities at Gilmore Creek. Visit 1 occurred on 7 January 2012, visit 2 occurred on 28 January 2012, and 
visit 3 occurred on 10 March 2012. 
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Figure 4-5e. Mean benthic chironomid densities at Long Creek. Visit 1 occurred on 11 January 2012, visit 2 occurred on 27 January 2012, and visit 
3 occurred on 16 March 2012. 
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Figure 4-5f. Mean benthic chironomid densities at Money Creek. Visit 1 occurred on 8 January 2012, visit 2 occurred on 28 January 2012, and 
visit 3 occurred on 9 March 2012. 
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Figure 4-5g. Mean benthic chironomid densities at the North branck of the Whitewater River. Visit 1 occurred on 7 January 2012, visit 2 occurred 
on 27 January 2012, and visit 3 occurred on 9 March 2012. 
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Figure 4-5h. Mean benthic chironomid densities at Pickwick Creek. Visit 1 occurred on 16 December 2011, visit 2 occurred on 28 January 2012, 
and visit 3 occurred on 2 March 2012. 
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Figure 4-5i. Mean benthic chironomid densities at Pine Creek. Visit 1 occurred on 3 December 2011, visit 2 occurred on 28 January 2012, and 
visit 3 occurred on 25 February 2012. 
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Figure 4-5j. Mean benthic chironomid densities at Swede Bottom Creek. Visit 1 occurred on 2 December 2011, visit 2 occurred on 28 January 
2012, and visit 3 occurred on 24 February 2012. 
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Figure 4-5k. Mean benthic chironomid densities at Torkelson Creek. Visit 1 occurred on 19 November 2011, visit 2 occurred on 27 January 2012, 
and visit 3 occurred on 24 February 2012. 
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Figure 4-5l. Mean benthic chironomid densities at Wells Creek. Visit 1 occurred on 13 January 2012, visit 2 occurred on 27 January 2012, and visit 
3 occurred on 17 March 2012. 
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CONCLUSIONS 
 
 
Predicted climate change scenarios estimate that air temperatures in the midwestern 
United States may rise between 1 and 8°C by the year 2050. In fact, Baker and Baker 
(2002) showed that below-ground temperatures near Saint Paul, Minnesota have already 
significantly risen over the past several decades (utilizing 37 years of historical data).   
 
Climate change models also suggest that significant coldwater habitat may be lost in the 
future (Mitro et al. 2010). Lyons et al. (2010) predict that corresponding water 
temperature increases will significantly impact fish populations, especially in coldwater 
streams. Because brook and brown trout exhibit a relatively narrow thermal tolerance 
range, they are especially vulnerable to increasing water temperatures. In fact, one model 
predicted that a 5°C increase in air temperature would eliminate 100% of brook trout and 
88% of brown trout distribution across the state of Wisconsin (Mitro et al. 2010). As a 
consequence, trout populations may be consolidated longitudinally into shorter stream 
reaches, exacerbating competition for prey items such as invertebrates. 
  
Although groundwater-fed streams are buffered from air temperature fluctuations, they 
are still affected by climate change in both the short and long-term. Increases in air 
temperature will have an immediate effect on water temperatures via heat exchange. 
However, the equation of air-water regressions (Krider et al. 2013) would not be 
expected to change in the short term, because groundwater inputs are generally slower to 
respond to air temperature changes. On a longer scale, climate changes are expected to 
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also influence groundwater processes. Groundwater temperature reflects mean annual air 
temperature; therefore, climate warming will eventually be reflected in groundwater 
temperatures. Thus, an upward shift in the air-water regression relationship is likely.  
  
Climate changes may significantly impact invertebrate dynamics as well as trout 
distribution. In southeastern Minnesota, these changes may be especially dramatic in 
winter, when chironomid emergence patterns are highly temperature-dependent. Winter-
emerging, cold-stenotherm species such as D. mendotae may be most affected. Because 
D. mendotae complete their life cycle at temperatures below 10°C (Bouchard & 
Ferrington 2009), increases in air and water temperature may reduce the length of time 
that temperatures fall within their thermal tolerance range (Chapter 2). This has the 
potential to reduce the number of life cycles that can be completed in one winter season. 
As a consequence, hibernal chironomid emergence may decline, causing a decrease in 
winter prey availability for trout populations.  
 
Although temperature increases may reduce the growth period of D. mendotae, it may 
allow spring emerging chironomids, which begin to emerge in March (Chapter 1), to 
emerge earlier in the spring. This may cause an overall shift in invertebrate community 
composition, which could also affect prey availability to trout. 
 
Management efforts may be best focused on highly groundwater-buffered reaches, which 
are ideal for trout and winter-active insects. Such stream reaches may act as thermal 
refugia for trout as potential habit is eliminated by temperature increases. In contrast, 
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stream reaches with limited thermal buffering capacity may no longer be suitable for 
brown trout populations, and winter-active insects such as Diamesa mendotae may be 
limited to a  single generation per winter. In these reaches, best management practices 
may not be sufficient to maintain trout populations.  
  
Southeastern Minnesota will be particularly affected by the detrimental impacts of 
warming temperatures on trout populations. Recreational trout fisheries provide over 
$150 million of economic benefit to the state of Minnesota; the total benefits across the 
Driftless Area (parts of Minnesota, Wisconsin, Iowa, and Illinois) exceed $640 million 
(Trout Unlimited 2012). Thus, continued research and management of trout and 
invertebrate populations is of the utmost importance to maintaining these unique 
ecosystems. 
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